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PREFACE

This preliminary design work was performed by Research Department personnel
of the Hughes Tool Company, Oil Tool Division, Houston, Texas, under Contract
No. 951178 from the Jet Propulsion Laboratory, Pasadena, California, and

covered the period May to October,.1965.

This work was done under the general direction of T. N. Williamson, Director
of Industrial Research, and with the full support of Dr. D. J, Martin,
Vice-President of Research, and M, E, Montrose, President of the 0il Tool
Division, R, 0. Bredthauer served as Project Manager, and W, T, Jones as
Project Engineer, The manuscript was authored by W. T. Jones and R, O.
Bredthauer, Other Hughes Tool Co. Research and Engineering Department
personnel rendering valuable service were V, W, Parish, M, R. English,

D, L, Imler, A, D. Wilkinson, K, W, Coffman, A, E, Dykes, and R, M. Strickland,

Foster-Miller Associates, Inc,, of Waltham, Massachusetts, under the direc-

L ]
tion of Dr, Eugene Foster and Marvin Menzin, were engaged during the con=-
cept generation phase to seek independent solutions to the design problem.

Their assistance is gratefully acknowledged.

We are indebted to Mr., Jack Brown of the Welex Division of Halliburton

Company for assistance in evaluation of the explosive coring concept.

In response to a specific provision of this contract, a proposal has been

submitted to Jet Propulsion Laboratory for the development, manufacture,

-and testing of the preferred design of the Geological Sample Acquisition

and Transport Device described in this report,
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A concept design for a breadboard model of a Geologic Sample Acquisition
and Transport Device is described, This device will take a three cubic
centimeter sample of rock from under a twelve inch layer of overburden

and transport the sample, uncontaminated by the overburden, to a point
above the overburden surface and‘deposit it in a tray for subsequent
analysis, The overburden may also be similarly sampled., The device ig
designed to acquire overburden and rock samples through ports to the in-
terior of the rotary-impact bit, to seal the bit interior by rotary valving,
and to transport the batch sample to the surface by means of a gas system.
An outer barrel provides a means of excluding overburden during rock sample
acquisition., The approach taken in the generation of concepts and develop-
ment of the design is described, and the original concepts along with in-

vestigations and evaluations are included in an appendix. F)Uhi4‘°‘-
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Section 1
INTRODUCTION

1.1 PURPOSE

The purpose of this study is to prepare a conceptual design of a bread-
board Laboratory model of a Geological Sample Acquisition and Tramsport
Device (GSATD) which can acquire a sampie of unknown rock and transport
it to an X-ray diffractometer or cther instrument for analysis. This de-
vice is to perform satisfactorily under earth gravimetric and atmospheric
conditions. Since the ultimate flight model which may develop from this
breadboard may be used on the later Surveyor flights or in the Voyager
program, the goals of a flight model must be kept in mind. The mechanism
must be as simple as possible in order to increase reliability, overall
weight and power requirements should be kept as low as practical for a
breadboard model, and components should be capable of ultimately operating

in hard-vacuum conditions with large temperature variations,

1.2 PERFORMANCE REQUIREMENTS

The GSATD is to acquire three (3) cubic centimeters or more of uncontam-
inated, unaltered, and unsorted fragmented rock or other subsurface material
encountered. That is, the sample is to be representative of the location
from which it is acquired, Fragmented rock shall be acquired from solid
rock which is covered by a cohesive or noncohesive overburden at a depth

of approximately one foot., This sample shall then be transported to a

short distance above the overburden surface, Further sample preparation
and transfer to the analyzing device is not a part of the required concept.

The device also shall have the capability of acquiring a sample of highly

1-1
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RN
vesicular, rather than solid, rock which is covered by a similar overburden;
this sample also is to be transported to a short distance above the over-
burden surface. In addition, the layer of overburden is to be sampled;

samples shall be obtained from a bed of the following types of particulate

material and transported to a short distance above the surface:

1. Cohesive powder - 37 microns (u)
2. Noncohesive particulate - sand of 1 - 2 millimeters (mm) size
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The main goals to be achieved by the breadboard device are:

1. The acquisition of a rock sample from under and the tramsportation
to a point above unconsolidated overburden material without
contamination of the rock sample by the overburden.

2. The acquisition of high porosity, low density consolidated or

unconsolidated overburden material.

Emphasis is to be on acquisition and transportation of the sample rather

than on fragmentation or drilling of the rock. However, if the fragmentation
process is integral with the acquisition and transport process, it shall be
considered. If the device employs a drill for the fragmentation process and
the sample is acquired through a drill bit, a commercial drill motor may

be used to demonstrate the drilling-acquiring mode,

The following overburden and rock combinations were suggested for eventual
testing of the breadboard device:
1. Basalt rubble

2. Basalt

1-2
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3. Pumice

4, Basalt under 25 centimeters (cm) of quartz dust (37u)

5. Basalt under 25 cm of quartz sand (1-2 mum)

6. Basalt under 25 cm of quartz rubble (dust, sand, pebbles)
7. Pumice under 25 cm of basalt dust

8. Pumice under 25 cm of basalt sand

9, Pumice under 25 cm of basalt rubble

11. Basalt sand at surface

1.3 APPROACH TO CONCEPT DEVELOPMENT

The overall problem first was divided into three sub-categories, as follows:
1. Overburden removal or exclusion and sampling of the overburden,
2, Sampling of the rock

3. Transport of the sample

Concept-generation sessions were held on each of the above sub-categories.
With the exception of the Project Manager and the Project Engineer, who
attended all sessions, different engineers with various backgrounds par-
ticipated in each of the meetings. Ideas were not necessarily limited to

the specific session subject; some discussion of the overall problem occurred

in each session.

Upon completion of the three sessions a concept documentation system was
established., Each concept, or partial concept, was sketched and described,
advantages and disadvantages were listed, and concept numbers were assigned,
The resulting twenty-three concepts were arranged into eight groups with
the concepts in each group being variations of the same basic idea, Each
group was then investigated in detail and the feasibility of the basic idea

determined,




Concurrently, Foster-Miller Associates, Inc., a consulting engineering
firm of Waltham, Massachusetts, was engaged to conduct an independent in-
vestigation. Their task was to generate concepts of their own, evaluate

them, and recommend a preferred system to the contractor,

At the preliminary design presentation, the results of the invéstigations
of the eight concept groups, were presented to JPL, along with the con-
cepts generated by Foster-Miller, A numerical evaluation procedure was
eveloped to
meeting all requirements., This evaluation is shown in Appendix C. On

the basis of this evaluation and work already in progress at JPL, it was
decided to concentrate further effort on one of the Hughes Tool Company
(HTIC) groups and on one of the concepts submitted by Foster-Miller. These
were developed further and presented at the final design review, As a
result of this review, a design based on HIC Group 1 (Gas Transport through

a Double Wall Tube) was determined to be the best approach, and this is

presented in this report as the preferred design.

1.4 ORGANIZATION OF REPORT

The preferred design is described in detail in Section 2 of this report.
Some alternmate designs which were developed past the initial concept stage
are described in Section 3, Development of these concepts was halted when

their limitations became obvious.

The initial concepts are documented in the appendices, Appendix A consists
of Foster-Miller progress reports which describe and evaluate their concepts,
The reports of investigation of the HTC concepts are in Appendix B, and the
numerical evaluation of all concepts presented at the preliminary design

review is shown in Appendix C,
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Section 2

PREFERRED DESIGN

2.1 DESCRIPTION
The preferred concept design is shown in Figure 1., The arrangement of

the various components of the GSATD mechanism is shown in Figure 1 along
with the supporting structure; the details of these components are shown

. . e Y .3 A . o TR B o~ £ 3 3
in Figures 2 and 3 and described in the following sections,

2.1.1 Supporting Structure

The main supporting structure is made up of the Base, Supports, Model Base,
Support Tube, Lead Screw, and Top Plate. On this stationary structure is
mounted a movable structure, Plates 1 through 6, Gussets 1 through 3, and
the Lower Framework, which supports the actual GSATD mechanism. The
Percussor Housing, besides enclosing the percussion mechanism, serves as

a structural member between Plates 1 and 2 and as a support on which the
Motor Clamp is mounted. The Nut assembly contains a Nut rotatably mounted
in ball bearings, and which engages the Lead Screw and supports the entire
movable structure. The details of the Nut Assembly are shown in JPL Draw-

ing No. 6-9376306.

2,1,2 Bit

The Bit is shown at the lower end of the Drill Stem in Figure 2; an enlarged
detail view is shown in Figure 3., The cutting element is a tungsten Carbide
Blade with a Cuttings Relief Groove. The Carbide Blade is brazed to the

Bit Body which is attached to the Drill Stem by a threaded connection.

Two Ports are provided, one on each side of the Carbide Blade. Cuttings

or overburden pass through these Ports to the interior of the Bit when the

2-1
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Rotary Valves are open. Should one of the Ports become clogged, the Cuttings
Relief Groove allows free access of cuttings to the other Port thus decreasing

the possibility of a reduced penetration rate,

2.1.3 Drill Stem

The Drill Stem is the tubular member to which the Bit is attached. A short
distance below the Percussor, male threads are located on the Drill Stem to
connect with the Quter Barrel. Imnside tilie Percussor the Drill Stem iz made
up of several pieces which, in effect, form a tube through the center of
the Percussor, At the top of the Percussor the Drill Stem is supported in
Bearing 1. Above this, one of the Rotary Drive Gears is attached to the
Drill Stem. The other Rotary Drive Gear is attached to Motor 2 mounted
outside the Percussor on Plate 2, The motor shown is a permanent magnet,
D.C. motor, type BL with attached gear box, made by Globe Industries, Inc,
After emerging from the Percussor Housing, the Drill Stem terminates in

the rotating member of Swivel 2,

2.1.4 Percussor

The Percussor shown is a modified version of the Percussor shown in JPL
Drawing No. 6-9376306. Although the Performance Requirements (Section 1.2)
state that they may be used to supply rotary-percussion, commercial drill
motors would have to be extensively modified to allow the Drill Stem to
pass completely through the motor. Because only slight modification

would be necessary to the Percussor already designed by JPL for their
Lunar Breadboard Model, it was chosen for the GSATD mechanism, Only the
parts shown in JPL Drawing No. 6-9376306 which are directly involved in
supplying percussive energy to the Drill Stem are used., Although details

of this mechanism are not repeated in Figure 2, the operation is as follows:

2-2
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Motor 1 (permanent magnet, D.C, motor, Globe type BL with attached gear box)
rotates a Crank which is connected by a Connecting Rod to a Hammer Retriever.
As the Hammer Retriever rises, it lifts the Hammer which in turn compresses
a Spring. At top dead center the Hammer is latched in place with the
Spring compressed. As the Crank continues to rotate, the Hammer Retriever
is lowered; at bottom dead center the Hammer Retriever releases the Latch,
allowing the Spring to force the Hammer down, The Hammer strikes an Anvil
attached to the Drill Stem, and the entire process is then repeated. The
energy of the blow may be varied by changing the amount of throw in the
Crank, by changing the Spring, or by a combination of the two. The number
of blows per minute is controlled by the speed of Motor 1, there being one

blow for each revolution of the output shaft.

2.1.5 Outer Barrel Assembly

The Outer Barrel is a tubular member which has Carbides brazed onto its
lower end, a spiral groove on its outer surface, and a flanged connection
on its upper end. This connection assembles the Outer Barrel onto the
Outer Barrel Drive Gear. The Washer seats in a recess in the flanged
connection and provides a guide for the Drill Stem. The Outer Barrel
Drive Gear transmits power from the Pinion and Motor 3 (permanent magnet,
D.C. motor, Globe type BL with attached gear box) to the Outer Barrel and
also serves as an involute spline, allowing relative vertical movement
between the Outer Barrel and the Pinion. The female threads in the Outer
Barrel Drive Gear along with the male threads on the Drill Stem comprise
the Differential Screw which is used in connecting and disconnecting the
Outer Barrel with the Drill Stem. A Cover Plate is secured to the top

of the Outer Barrel Drive Gear by a retaining ring. Spring 2 surrounds

2-3 4




the Drill Stem between a pocket in the Outer Barrel Drive Gear and a Jourmal
Thrust Bearing, which seats on a shoulder on the Drill Stem. This bearing
allows rotation the Quter Barrel relative to the Drill Stem without

appreciably increasing the torsional load on Spring 2.

2.1.6 Rotary Valve Assembly
The Rotary Valves are shown in Figure 3 in the closed position. The Valves

.

are mounted on the Valve Body which is screwed onto the Valve Siem. With the
Bit disconnected from the Drill Stem, the Valve Stem threaded connection is
exposed and may be easily made up or disconnected. The Valve Stem extends
through the Drill Stem and emerges from the top of Swivel 2 (see Figure 2).
The Valve Stem Drive Gear is affixed to a shoulder on the Valve Stem. Spring
1, which applies a constant downward force to the ValQe Stem in order to keep
the Rotary Valves seated in the Bit, is mounted between the Valve Stem Drive
Gear and Bearing 2. The Valve Stem terminates in the rotatable portion of
Swivel 1. The Valve Stem Drive Pinion is mounted on the Output Shaft of

the Clutch-Brake Coupling, which is a modified version of the Model PCBF

made by Guidance Controls Corporation, A size 20 Clutch-Brake is shown

in Figure 2. When this Coupling is de-energized, the Input Coupling is
coupled to the Output Shaft; when energized, the Input Coupling is free and
the Output Shaft is braked to the housing. The Ihput Coupling connects the
Clutch-Brake Coupling and the output shaft of Motor 2, With the Clutch-
Brake Coupling de-energized, the Valve Stem and Drill Stem are both connected
to the output of Motor 2 and their relative position remains the same as

they are rotated. When the Clutch-Brake Coupling is energized, the Output

Shaft is braked thereby holding the Valve Stem stationary while the Drill

Stem continues to rotate. The modification to the off-the-shelf Clutch-

2-4
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Brake, shown in Section C-C of Figure 2, is necessary to limit the rotation
of the Drill Stem relative to the Valve Stem to 90 degrees. After a relative
rotation of 90 degrees, the Pin and the Slot cause the brake to slip, and

the Valve Stem and Drill Stem again remain stationary relative to each

other. The Clutch-Brake Coupling may then be de~energized.

2.1.7 Gas Circulation System
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card model, gas may
pressurized cylinder commonly used in inert gas shielded welding operatioms.
A flow control valve mounted on the cylinder is used to set the desired

gas flow; a Solenoid Valve is used to remotely turn the gas flow on or off.
These components are not shown in Figure 1; all other parts of the circula-
tion system are shown, From the Solenoid Valve the gas goes through a
Flexible Hose to Swivel 2. The Swivel 2 shown in Figure 2 is a concept
based on the general design of a ball bearing swivel made by the Chicksan
Company. The Deublin Company in Northbrook, Illinois makes such a swivel
with two gas passages, but further investigation will be necessary to
determine whether the correct size swivel is available off the shelf., From
Swivel 2 the gas flows down the annulus between the Drill Stem and the
Valve Stem. Its path through the Bit Body, where the sample is picked up,
is indicated in Figure 3. The gas and sample come up through the Valve
Stem, Swivel 1, and another Flexible Hose to the Cyclone Separator, where
the sample is separated from the gas. The sample falls from the Cyclone
Separator into a sample tray which is not shown. Swivel 1 as shown is a

concept based on the larger swivels manufactured by Chicksan.

2.1.8 Controls

A schematic diagram showing the wiring and components necessary for remote

2-5
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operation of the GSATD is shown in Figure 4, The primary power supply is
110 volt A.C. Switch 1, with its pilot light, is the master on-off switch.
Switches 2 through 6 provide on-off capabilities for the various circuits;
when the "B" portion activates a particular circuit, the "A" portion
activates a pilot light operating on the constant 110 volts of the primary
source. The Solenoid Valve is connected directly to the 110V A.C. supply.
A Variac (T1), a 110V-24V transformer (T3), and a full wave rectifier (D1)
convert the 110V A,C. to variable D, or 1, The circuit

for Motor 4 is similar to that of Motor 1 in that a Variac (T2), trans-
former (T4), and a full wave rectifier (D2) are used. Switch 12 provides
the capability of reversing the direction of rotation of Motor &4 while
Switch 8 is the Force Control Switch shown mounted on the Base in Figure 1.
This switch is manufactured by W, C., Dillon and Company; a flexible beam
and a micro-switch provide an on-off'forcg control to operate Motor 4,

This switch will have to be calibrated by using a load cell under the

Bit before testing begins. In operation it will allow Motor 4 to apply

a constant (within one or two pounds) normal load on the Bit. Switch 7

is provided to allow operation of Motor 4 either by Switch 8 or manually;

pilot lights are provided both for manual or automatic operation,

A regulated D.C. power supply (0-30V, 15A) operates on the 110V A.C. and
provides power for the Clutch-Brake Coupling and Motors 2 and 3. In the
operation of the Differential Screw, it is necessary that Motors 2 and 3 be
synchronized part of the time and run with a constant speed difference part

of the time. A Signal Generator and Translator allow each of these motors to be

run synchronously with an A-C signal. The Translator-Motor combination is
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available from Globe Industries for any of their permanent magnet motors.
Switch 9 allows both Motor 2 and Motor 3 to be run synchronously with
separate AC signals, Switch 10 and Switch 11 allow the direction of rota-
tion of Motor 2 and Motor 3 respectively to be reversed. All switches,
pilot lights, and variable controls will be mounted on a control panel

so that all functions of the GSATD Breadboard Model may be controlled from

the panel.

2.2 OPERATION

Before a test on a particular overburden-rock model begins, the Force Control
Switch should be calibrated with a load cell to give the desired normal force
on the bit. The flow control valve on the pressurized gas cylinder should be
set to give the desired flow through the gas circulation system. Although
the equipment necessary to monitor motor power, Trpm, etc, is not shown in
Figure 4, these variables should be recorded during a test. The model to

be drilled will consist of a rock of the desired type cemented in the bottom
of a Cylindrical Tube and covered with overburden of the desired type as
shown in Figure 1. If necessary the model can be clamped to the Support

Tube for stability.

2,2.1 Drilling Through Overburden

Switch 9 is placed in the position shown in Figure 4 so that Motor 2 and
Motor 3 run synchronously with the same signal. Switches 2 and 3 are
opened, and Switches 10, 11, and 12 are used to give the desired direction
of rotation of the motors. Motors 2, 3, and 4 are then energized feeding
the entire mechanism down into the overburden and rotating the Drill Stem
and Outer Barrel in the same direction. Since Motor 2 and Motor 3 are

synchronized there is no vertical movement of the Drill Stem with respect

2.7
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to the Outer Barrel, and they advance as a single unit., If the overburden
is cohesive and percussion is desired, Motor 1 is energized., Percussive
energy is applied to the Drill Stem and, through the Differential Screw
threads, to the Outer Barrel. Thus in either the rotary or the rotary-
percussion drilling mode, the Bit and the Carbides on the Outer Barrel
advance as a single unit with the spiral groove on the Outer Barrel 0.D.

transporting chips away from the drilling face.

2,2,2 Sampling Overburden

When a sample of overburden is desired, Switch 3 is closed, energizing the
Clutch-Brake Coupling and stopping the rotation of the Valve Stem. When the
Valve Stem begins to rotate again, Switch 3 may be opened and the Valve
Stem and Drill Stem will remain stationary with respect to each other,

As the Bit contfinues its advance into the overburden, dust or chips, as the
case may be, will be forced through the Ports into the Bit. When sufficient
sample has entered the Bit all motors are stopped. Switch 3 is closed,
Motors 2 and 3 are reversed and used to close the valves in the Bit. Both
motors are used so there will be no vertical movement of the Drill Stem
with respect to the Outer Barrel. Switch 2 is used to operate the Solenoid
Valve releasing gas which transports the sample from the Bit to the

Sample Tray. Switch 2 is opened, the filled Sample Tray is removed, and
Switch 2 is again closed allowing gas to flow through the system purging

it of any residual overburden sample, Switch 2 is then opened and drill-

ing continues.

If the overburden is under-dense, it will tend to move away from the Bit

rather than be forced into the Ports as the Bit advances. In this case
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Motors 2 and 3 are connected to their own individual Signal Generator by
means of Switch 9., Switches 10.and 11 are set so that when the motors are
energized the Bit is retracted inside the Outer Barrel by means of the
Differential Screw. When the Bit is retracted far enough, Motors 2 and 3
are again switched to the same Signal Generator and the Drill Stem and Outer
Barrel rotated as a unit. Then as Motor 4 advances the mechanism into the
under-dense overburden, a slug or core of overburden is contained within
the Outer Barrel. The overburden particles are restricted in a radial
direction and the possibility of acquisition of a sample by the Bit is
enhanced. The Bit may be retracted inside the Outer Barrel until the Drill
Stem is completely disconnected from the Outer Barrel. The Cover Plate will
not pass through the hole in the lower Framework; therefore, the downward
movement of the Outer Barrel with respect to the Drill Stem is constrained.
Motor 3 is then reversed from its normal drilling direction of rotation

and energized. As Motor 4 advances the mechanism into the overburdenm, the
spiral groove causes the Outer Barrel to act as a screw conveyor, pumping
overburden down to the base of the core of overburden inside the Outer
Barrel. The "pressure" at the bottom of this core is thus increased
thereby increasing the possibility of acquisition of a sample by the Bit,
Once the sample is acquired, the Rotary Valves are closed and the sample

transported by the gas as previously described.

2.2,3 Drilling Through Rock

If during overburden sampling the Bit has not been retracted inside the
Outer Barrel, drilling through the overburden-rock interface will be no
different from drilling through the overburden, The Bit and the Outer

Barrel will act as a single unit in either the rotary or rotary-percussion
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drilling mode. If the Bit has been retracted inside the Outer Barrel,
Motors 2 and 3 operate the Differential Screw to bring the mechanism back
to its original configuration shown in Figure 2, If the Bit has been
retracted inside the Outer Barrel enough to disconnect the Outer Barrel
from the Drill Stem the procedure gs slightly different., The mechanism
is advanced to the overburden-rock interface in the disconnected configuration.
Further downward pressure suppiied by Motor 4 moves the Drill Stem down to
engage the threads of the Differential Screw while the downward motion of
the Outer Barrel is resisted by the rock., Motors 2 and 3 are then used to
rotate the Drill Stem and Outer Barrel so as to achieve the original con-
figuration shown in Figure 2, Motors 2 and 3 are then switched to the same
Signal Generator and synchronized; the Bit and Outer Barrel drill into the

rock as a single unit.

2.2,4 Sampling Rock

When the Outer Barrel has entered the rock to a shallow depth around its
entire circumference, Motor 3 is switched to its own Signal Generator, and
the OQuter Barrel is rotated in the same direction as, but several rpm slower
than, the Drill Stem. This advances the Bit ahead of the OQuter Barrel by
means of the Differential Screw. When only a few threads are still engaged
the entire mechanism may be stopped, raised off bottom, and the last few
threads disengaged. This is to prevent shearing or deforming the threads
due to the percussion. The Bit is again lowered to Bottom; Spring 2 pushes
the Outer Barrel back to its seat in the rock, When Motors 2, 3, and 4

are energized, rotary percussion action and normal load are applied only

to the Drill Stem, As the Drill Stem moves down, the Quter Barrel remains

stationary and Spring 2 is compressed, thereby holding the Outer Barrel

2-10



down against the rock, Motor 3 may still be used to rotate the Outer Barrel.
The spiral groove on the Outer Barrel 0.D, again causes a screw conveyor

action, pumping rock chips and overburden particles up away from the Bit.

The Bit is now effectively drilling the rock through an outer casing seated
in the rock with a screw conveyor pumping any stray overburden particles
away from the bottom of the casing. The Rotary Valves are then opened, the
rock sampie acquired, the Kotary Valves closed, and the rock samplie trans-

ported to the Sample Tray by the gas as described above in Section 2.2.2,
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Section 3
ALTERNATE CONCEPT DESIGNS
3.1 PLUG VALVE CONCEPT

3.1.1 Description

The concept shown in Figures 5 and 6 is essentially the same.as the preferred
Bit., The Outer Barrel and its drive system, the Drill Stem, and the Differen-
tial Screw of Figure 5 are the same as in Figure 2., Drill Stem rotation

and percussion are achieved with a mechanism which is different from the

JPL impactor, Motor 2, geared to the Drill Stem, supplies the rotary

motion, Motor 1 rotates the Rollers over the face of the Cam through the
Percussion Drive Gear and the Drive Tube. The Cam raises the Hammer com=-
pressing Spring 2, and then allows the Hammer to impact on the Anvil attached
to the Drill Stem, The structure which supports all this mechanism is not
shown; however, it would be the same as that shown in Figure 1 and described
in Section 2.1.1., The downward force developed by the rotation of the Nut

on the Lead Screw is transmitted through the Percussor Housing and the

Main Thrust Bearing to the Drill Stem. The Swivel which is mounted above the
Percussor is the same és that of Figure 2 except for the addition of an

Alignment Groove in the top of the Drill ‘Stem.

The Bit of Figure 6 has a configuration designed to get the Ports closer to |
the leading point of the Bit than is possible in the Bit of Figure 3. The
cross-section of the carbide as shown in Section A-A is chevron-shaped.

Again, grooves are provided in the Carbide so that in case one Port should

3-1 i
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become plugged, the rock chips would have access to the other Port. A Rib
extends across the Bit to provide back-up of the Carbide. The Ports are
located in the flat bottom of the Bit Body, one on each side of the Rib,
Since the Bit geometry is complicated, it may be easier and more desirable
from the standpoint of breakage to make the entire Bit body and cutting
blade of sintered Tungsten Carbide using an isostatic press. Such a
decision requires further detail design and evaluation,

Elastomeric Plug Valves are attached to the bottom of the Valve Stem which
is inside the Drill Stem. 1In Figure 6 the Valve Stem is shown in i;s
raised position; when it is lowered, the conical portion of the Plug Valves
pushes chips to one side and seats in the Ports. The elastomeric properties
of the Plug Valves insure a seal even though chips may be trapped between

the sides of the Port and the Plug Valve,

The Valve Stem is provided with a Stabilizer at its bottom end and with two
Alignment Lugs mating with the Alignment Groove in the top of the Drill

Stem, as shown in Figure 5. Above the Swivel, a Solenoid Plunger is

attached to the Valve Stem. The Solenoid itself is a latching solenoid,
defined on page 19 of Electroid Corporation Catalog 101§ as ", ., . basically

a two coil latching unlatching mechanism, . . . It has a mechanical locking
arrangement which holds the solenoid in the retracted position. A switch
disconnects the pull coil immediately after locking and connects a release
coil, A separate switch is used to release it', This is not a stock item and
would have to be custom built, Spring 1 is shown above the Solenoid, but

it could be incorporated into the Solenoid housing.
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The gas circulation system for transporting the sample from the Bit to

the Sample Tray is the same as in Figure 2.

3.1.2 Operation

The operation of this system is acquiring and transporting samples is the
same as described in Section 2.2 except for the operation of the Valves.
With the Solenoid de-energized and unlatched, Spring 1 forces the Valve
Stem down co that the Porte are sealed. When a sample is desired; the Pull
Coil of the Solenoid is energized and the Valve Stem rises to the position
shown in Figure 5, where it is mechanically latched in place. No further
electrical power is necessary to keep the Ports open while the sample is
being acquired in the Bit, To close the Valves prior to transporting the
sample, the Release Coil of the Solenoid is activated and Spring 1 pushes

the Valve Stem down. The Alignment Lugs and Grooves insure that the

Plug Valves re-enter the Ports in the correct position.

3.1.3 Limitations

Rubble may be trapped between the Port and the Plug Valve as the Plug
Valve comes down to seat, If a large piece of rubble is trapped the
elastomefic properties of the Plug Valve may not be such that the rubble
is completely enveloped. 1If so, then there is a lost circulation problem.
Also, as the Plug Valve comes down, it of necessity pushes some of the
acquired sample back through the Port. For these reasons, the Rotary

Valve concept is preferred over the Plug Valve concept.
3.2 HTC OVERBURDEN BASKET CONCEPT

3.2.1 Description

The mechanism shown in Figure 7 is a HTC development of the basket concept
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advanced in Foster-Miller's second monthly report (see Figure A-2, page
A.1.16 of Appendix A), The Rotary Valve Bit is the Bit of Figure 3. The
Basket is a short distance above the Bit and is an integral part of the
Drill Stem., Both the Basket and the portion of Drill Stem between the
Basket and the Bit have a Spiral Groove on the outer surface. The Basket
Carbides will cut clearance for the Basket if the overburden should be
cohesive, The Percussor shown is the same one shown in Figure 5 and
described in Section 3.1.1, except that Motor 2, which rotates the Drill
Stem, has been moved to the top of the Percussor, With Motor 2 in this
position, the Clutch-Brake Coupling is attached directly to the output
shaft. The rest of the drive train to operate the Rotary Valve is the
same as shown in Figure 2 and described in Section 2.1.6. All the
mechanism described above is mounted in a movable framework which is
supported by the stationary main structure, one of whose members is a
lead screw, as shown in Figure 1 and described in Section 2.1.,1. Neither
the movable nor the stationary framework is shown in Figure 7. The Cap
is held by a clamp on the Support Tube and does not move vertically., An
O-ring provides a seal between the Cap and the Drill Stem, and the
Elastomeric Washer provides a seal between the Cap and the top edge of

the Basket.

3.2,2 Operation

The mechanism is deployed to the position shown with the Rotary Valves in
the closed position. The appropriate motors'are then energized to drill
through the overburden. As the Basket goes through the overburden,
material flows up the Spiral Groove, over the lip at the top of the

Basket, and falls into the Basket. After the Bit has passed the overburden
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rock interface and acquisition of only rock chips is expected, the Rotary
Valves are opened as described in Section 2,1.6. Drilling continues until
enough sample is acquired within the Bit; the Rotary Valves are then
closed and the mechanism withdrawn from the hole. The Drill Stem is
moved vertically until the top of the Basket seats in the Elastomeric
Washer, Gas is then admitted through the Cap to the Basket interior;

the overburden sample is picked up by the gas, carried to a Cyclone
Separator, and deposited on a Sample Tray. To collect the rock sample,

a tray must be positioned under the bit, the Rotary Valves opened, and
Motor 1 energized, if necessary, to vibrate the sample out of the Bit.
Although it is not intended that the Basket Carbides do any drilling

in the rock (see "Sampling Position'", Figure 7), if the overburden is a

thin layer, the Basket may be drilled down into the rock far enough to

allow overburden to fall into it,

3.2.3 Limitations

Although the "Basket" idea appears to be a very simple way of getting a
sample from a deep layer of overburden, difficulties arise in design of a
complete mechanism, The gas circulation system of the preferred concept
is eliminated by using the '"Basket" idea, but another gas circulation
system (as shown in Figure 7) must be used or the entire mechanism must
be turned over and shaken in order to get the overburden sample into a
sample tray. It is not desirable to depend on lunar gravity and vibra-
tion to transfer overburden samples from the Basket, or for that matter,
rock samples from the Bit interior, because of the possibility of vacuum
welding. In the preferred concept, sample particles are surrounded by

a selected gas atmosphere immediately upon acquisition thereby eliminating
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this objection. Another limitation is that the possibility of rock sample
contamination by overburden is greater in this case than in the preferred

concept, and acquisition of under-dense overburden is more doubtful,

3.3 FOSTER-MILLER RECOMMENDED CONCEPTS

The concepts discussed briefly in this sub-section were recommended in
Progress Report #3 from Foster-Miller. This report (see Appendix A) con-
tains an evaluation of their various concepts and the reasons for their
recomnmendations. The following paragraphs include a further evaluation

of these concepts based on discussions which occurred during the prelimin-

ary and final design review.

3.3.1 Continuous Gas Transport

Concept FM-4 is shown in Figure 8. In principle, it is the same as the
concept discussed in Section 2. The only differences are: a positive
overburden seal is provided, and the circulation system is not closed.
The cam-operated seal will help prevent contamination of the rock sauple;
however, the lack of a closed gas circulation system is enough to suspend
development of this concept. Fissured rock would result in lost circula-
tion and prevent any sample from reaching the Cyclone Separator,
Similarly, in a permeable overburdem, circulation would be lost and no
sample could be retrieved. In under-dense, non-cohesive overburden it
appears extremely doubtful that any sample would negotiate the port

passages into the interior of the bit, particularly with continuous gas

flow.

3.3.2 Batch Collector

Concept FM-9 is shown in Figure 9. Here a rotating auger is used to
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acquire and transport the overburden sample, and a Rock Sample Chamber
similar to the Basket of Figure 7 is used for the rock sample. A cam-
operated gasket provides a positive seal between the overburden and the
place where the rock sample is acquired. Although the rock sample is
acquired and transported satisfactorily in this concept, difficulties arise
in transferring the sample to a tray for analysis. Some other device,
such as the Cap shown in Figure 7, will be required to get the sample
from the Rock Sample Chamber to the Sample Tray; the configuration of
Figure 9 makes the use of such a device very difficult., For this reason
no further development was done on the rock sampling aspects of Concept
FM-9., JPL is currently investigating the use of a screw conveyor or
auger for sampling; thus no further development was done on the over-

burden sampling aspects of Comcept FM-9.
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Section &
CONCLUSION

A large number of concepts were proposed., Concept generation was broad
in scope with no constraints being placed on method other than possible
ultimate weight, space, power, and task requirements, The feasibility

of each concept was evaluated, both individually and in possible com-

A single sampling concept was selected as being the most feasible approach
by HTC and JPL engineers. This concept was developed into a preliminary
design of a breadboard model Geologic Sample Acquisition and Transport

Device,

The selection of the preferred concept was based on engineering judgment,
experience, and study of the state~of-the-art in related fields. Actual
feasibility cam be determined only by detailed design, fabrication, and

testing.
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APPENDIX A

FOSTER-MILLER CONCEPTS AND REPORTS

A.1 ~ Progress Report #2 of 9 July 1965, Concepts A-l
through A-22,

A,2 - Progress Report #3 of 17 August 1965. Concepts
FM-1 through FM-9 (Further Developments of Best

Concepts by FM),

Note: Progress Report #1 is not included inasmuch as
work done in this period was fully reported in
Reports #2 and #3,
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l. Des;:intion of Hork‘Performed During This RQQOrting geriod
isl Program Di;ectlnn

&f

Buring thia period effnrt was concentrated on acconpliahing
a the fOIIOwing works - |

w ; hy ’ »1 .

(1} generation»of concepts to supplement thaﬁg 6escriﬁed in tba

':last reporting period;’ | |
;S(ZJ 4classification of generétéd cqncepts to'fecilitatéisystemaiic o
evaluation, and minimizeffhe possibility of‘overloﬂking
conceptss | |
(3) selection of the most promising concepts for further ,;gvi_yl»
investigation.,_rr'fv , : S - L_ 1;7; ,fET, "é

The results of this effort are dxscussed in the’ folloning

subsecticns.

1.2 “Generation of Additional Cbncegts
| Figures A-13 through A-22 of Appendix A, describe additional

concepts generated by our staff during this rEporting perioede For

convenience, all conceptsﬁgeneratgd to date have been included in Appendix A.
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The ‘basm tasks required to accomplish the mission (as defined in

Section 2 )} of the ?os‘ter—miller Progress Report ﬁutber 1): are shmm on |

Classi’ﬁcation “Chart Nmber 1. Various methodc tu accoaplish tasks 1, 3, .

o to the :m Rotafv Inpect m-in. ST

a

,Basic tasks are defined as follws:

, ‘rask 1l - Gaining access  t5 the Tock. is the pmcess of naking the
.:ock layer sufficiently accessible to pemit fragmentatim and

"jhapquisitian.

3 2 - Frwmtim Bf thé QCk E'aing a mtm mct drill. =

e fragmnu at the point at which they are prod‘m ‘by the'drill.

Acqulesi‘tian s the proce"ss 'bf vauiﬁng sample rock

| :Task 1, Iransport is defined ,as conveying the particlas fron
the pomt of acquisition to a point slightly above the surface.
c "I'he Numbers appearing under certain "Blocks" in Charts 2, 3, and 1,,
: refer to the Figures in Appendix A. The generated concopts m thus

L classiﬁad aw.cordmg to 7he particular method ea@h en;p&gya to amompl

each basic prbcess taskc

ld. §e1ectigg g,l;g m& Promising Conceﬁ
. The first step ia tbe selection process is the elimination oi‘

obviously poor methods ta accosnplish each task. anccp'cs utilizing the
best methods to acCompnsh each task are likely to be the nost pronising
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concepts to accomplish the mission, provided that serious deficiencles do
not result from combining incompatible methods to form the complete systems

le4sl Selection of the Most Promising Methods to
Gain Access to the Rock Layer (Task 1)

For convenience, methods to accomplish this task are
identified on Classification Chart Number 2 by the circled numbers
appearing above the "Blocks".

The disposition of these methods is shown in Table I.
Those concepts which involve removal of the overburden
continuously during penetration and those devices which "pass through"

the overburden are considered the most promising methods to galn access

to the rock interface.

1l.442 Selection of the Most Promising Methods to
Acquire Rock Particles for Sampling (Task 3)

Here again the circled numbers appearing above the "Blocks”
on Chart Number 3 serve to identify the methods to accomplish thls taske

The disposition of these methods is shorn in Table II.

As shown in Table 1I, gas scavenging jets, particle flow
due to drill impact, and the gravity concept are considered the most

promising particle acquisition methodse.

1.4.3 Selection of the Most Promising Methods to

Transport Particles to the Surface (Task 4)

Table III describes the disposition of the various methods

to transport particles shown on Chart Number 4.
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As shown in Table 1II, continuous kinetic energy transfer,

intermittent and continuous gas transport, and batch type mechanical

enveloping (or 1ifting bucket) methods are considered the most promising

particle transport methodse

l.4e4 Characteristics of the Most Promising Concepts

In the previous three sections the most promising methods

to accomplish each basic task were selectede Those
these preferred me

the most potentials Table IV lists these concepts

method by which each task is accomplished.

concepts which utilize

considered to offer

and shows the preferred

In general the most promising concepts utilize compatible

methods to accomplish the taskse Thus those concepts using a continuous

(gas or kinetic energy transfer) transport method use the continuous

overburden removal method to gain access to the rocke Likewise the

concepts using a batch transport method are compatible with the "passing

through™ method of gaining access to the rocke Systems using the gas

acquisition method use gas transport to convey the sample to the surfacee

This is not surprising since in the conceptual process the engineer tends

to combine compatible processes and reject incompatible combinationse

145 Tentative Conclusions

l.5.1 Foster-Miller Associates is continuing on the assumptions

that: (a) the rotary impact drill will be used in the missiony (b)

fragmented rock will "flow™ up holes or flutes in the drill bit as the

drill impactss (c) the drill will penetrate consolidéted and unconsolidated

overburden as well as hard rocke
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le5¢2 The concepts listed in Table IV appear to offer the most
potential of those generated by Foster-Miller Associates. Preliminary
analysis indicates that some of them are particularly attractive. because
of their simplicity, small number of moving parts, low power consumption
and potentially low weight.

l.5.3 A more detailed definition and evaluation of the remaining
concepts 1s required to permit meaningful selection of the best few conceptse

2. Effort Planned for the Next Reporting Period

During the next (and final) reporting period the remaining concepts
will be investigated in more detail and modified as necessarye The best
two or three concepts will be recommended for further developmente

In addition, the final report will be submittede This report will
include material from the progress reports along with a description of

the work accomplished during the forthcoming reporting periode
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APPENDIX A.2

PROGRESS REPORT #3

FOSTER-MILLER ASSOCIATES, INC, to
HUGHES TOOL COMPANY
17 AUGUST 1965
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Description of Work Performed During This Period

1. Program Outline

During this reporting period the following work was
. performed to complete our program objectives:

s. Ten concepts (listed in Table IV of Progress Report
‘ No. 2) previously considered promising, were reviewed
’ and modified.

b. These concepts were then classified and compared
with those considered most promising recommended

for development.

c. Conclusions based on the work accomplished by
Foster-Miller Assocjates throughout this project

were summarized.

The results of this effort are presented in the following

sections.

2. Review and Modification of Promising Concepts

After receiving the results of the July 14, 1965 design
review conducted at Jet Propulsion Laboratory, the remaining
concepts were reviewed. Wherever possible, modifications were

. effected to correct concept weaknesses. Effort was concentrated

A2 =1l-
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on improving the following areas:
8. Sealing overburden out of the rock sampling region
to minimize contamination.

b. Providing for overburden sampling in those concepts
which previously lacked this feature.

C. Minimizing the possibility of sample loss through
fissures by "closing” the flow path utilized in gas
. transport concepts..

d. Laying out the “"downhole™ equipment required (for
each concept) full scale to demonstrate feasibility
in holes no larger than one inch diameter.

2.1 Description of the Modified Concepts

The modified versions of the retained concepts are
shown schematically in Figures 1 through 9 of this report.
For convenience they are assigned concept numbers FM-1 through
FM-9 respectively.

The explanatory notes appearing on these figures,
and the tabulation of task accomplishment methods appearing
in the following subsection serve to describe each concept.

2.2 Classification of Concepts

Concepts FM-1 through FM-9 may be classified
according to the method each employs to accomplish major
mission tasks. These major tasks are defined as follows:

.This required that particle acquisition (as defined in
Progress Report No. 2) be accomplished by means of "particle
flow" "induced by the impacting action of the drill, and
represents an improvement only if the reliability of the
particle flow process is greater than the probability of not
encountering s fissure.

A2 2=
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Task 1 - Acquiring the Overburden Sample
Task 2 - Transporting the Overburden Sample to
the Surface
Task 3 - Gaining Access to the Rock Layer
(Penetrating the Overburden)
Task 4 - Fragmenting or Penetrating the Rock Layer
Task 5 - Sealing Overburden Out of the Rock Sample
Task 6 - Acquiring the Rock Sample

Task 7 - Transporting the Rock Sample to the Surface

Some of these tasks were defined in Section 1.3 of
4

>*ir o
tne

rad

ed herein is considered

resen

[ 1

1
A

)

Progress Report No. 2.
more complete and reflects problems pointed out at the J.P.L.

design review.

The concepts may be separated into two major groups,
those which transport rock particles to the surface in a con-
tinuous process, and those which collect a batch of rock par-
ticles‘and transport the batch to the surface. Tables I and
I1 list the concepts in these respective groups by number' and

show the method each employs to accomplish tasks 1 through 7.

It is evident from these tables that among the 9
concepts, there are only 3 or 4 different methods to accomplish
each task. This is not surprising, since the concepts employ-~
ing obviously poor methods to accomplish major tasks were
eliminated in the initial evaluation discussed in our previous

progress report.

3. Comparison of Concepts

In this comparison, emphasis was placed on pointing out

special features, advantages and disadvantages of the concepts,

Y
The original concept numbers (assigned in Progress Report
No. 2) from which these concepts were evolved are also

shown in Tables I and II as a matter of interest.

:\ .f‘ ’12-
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Table ]

—————————

Methods Employed to Accomrlis

Contirmous Trlnbpc

 Task 3
Gaining Access to
Rock Layer

Contimious removal
of overburden(sase
mode as overburden
sample transport).

Same as above

Current Evolved  Task 1 Task 2
Concept from Acquiring Overbur- Transporting
Ro. Concept den Sample Overburden Sample
—NL& i
Drill induced par- | Continuous Process.
Fi~1 A=l ticle flow up large| Kinetic energy of
internal ports. impeller impacts
particles up casing
into collection pand
Continno&a gasr W
FM=2 A-15 Sams as above transport up cas-
ing. (Cyclone
separator required)
=3 A-19 Same as above Same as above
-l A-11 Same as above Same as above
A-16

Same as above

Sama as above

A2-13-




s

7

h Major Mission Tasks

Tt Concegta

Task L

Fragmenting
Rock

Task 5
Sealing Overburden
Out of Rock Sample

Task 6

Acquiring
Rock Sanmple

Task 7
Transporting
Rock Sample

[Rotary impaet bit
without. external

flutes.

Depends on clear-
ance betwean impact
bit and sidewall,
and induced particld
flow pressure,

Drill induced par-
ticle flow up large
internal parts.

Contimuous FProcess.
Kinetic energy of
impeller impacts
particles up casing
into collection pan.
{No separator re-
quired.) Purging
of overburden re-
quired.

Same as above

| Concentric rotary
impact core bit and
drill bit (2 pieces]

—

Same as above

- S

Staticnary core bit
face seals on cut
ledge while rock

sampling.

Same as above

Continuous gas
transport up cas~
ing. (Cyclone
separator required)
Purging of over-
burden required.

| Same as above

Same as ahove

e e e

Rotary impact bit
without external

flutes.

Drill bit advances
and cams expanding
seal against hole
sidewall.

Same as above

Sams as above




Table 1T

Methods Employed to Accomrlls!

Batch Collection

Task 1

Current Evolved Task 2 Task 3
Concept from Acquiring Transporting Gaining Access to
Fo. Concept No. Overburden Sample Overburden Sample Rock Layer :
Farticle flow up Positive mechanical| "Passing t.hron@:"z
-5 A~13 external drill transport by ex- overburden by minpr
flutes, or by fill-| tracting drill compaction.
ing of chamber dur-| stem. b
ing drill stem
extractien,
=6 A=22 Same as above Same as above Sar~e as above
=7 A=2 Sams as above Same as above Sae as above
-8 A-18 Same as above Same as above Same as above
Drill induced par- | Sample transported | Continuous remova
=9 A-1h ticle flow up up rotating auger of overburden by

external flutes, or
f411ing of auger
flights during ex-

tl“action.

fights,

rotating auger.
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‘ Major Mission Tasks

Concepts
Task 4 Task S Tagk 6 Task 7
Fragmenting Sealing Overburden Acquiring Transporting
Rock Cut of Rock Sample Rock Sauple Rock Sample

' Rotary impact drill

bit with external
flutes,

Depends on clear-
ance between bit
and sidewall, and ’
induced particle
flow pressure.

Drill induced pare
ticle flow up large
internal ports.
(Externally operated
valves retain
sample. )

Positive mechsnical
transport by ex-
tracting drill stem,
| (No purging re-
quirﬁdo§

Concentric rotafy
impact core bit and
drill bit (2 pisces)

Stationary core bit
face seals on cut
ledge while rock

sampling,

Drill induced par-
ticle flow up ex-
ternal flutes on
drill bit,

Cams as above

Rotary impact bit
with external
fiutes,

Drill bit advances
and cams expanding
seal against hole
sidewall,

Same as abwe

Same as above

Concentric rotary
impact core bit and
drill bit @ pieces),
Core fragmented by
drill bit.

Rock sample pro-
duced far from

overburden inter-
face., Core bit
also seals out
overburden,

Particles produced
sbove sample
chamber and fall in
by gravity.

Same as above

Rotary impact bit
with external
flutes.

Drill bit advances
and cam® expanding
seal against hole
sidewall.

Drill induced par-
ticle flow up ex-
ternal flutes on
drill bit.

Same as above




rather than the selection of the best concepts. W#without
performing experiments or tests, it is difficult to meaning-

fully choose the best concepts from a select group.

The two major concept groups, continuous transport and
batch collection are compared separately in Sections 3.1 and
3.2 respectively.

3.1 Comparison of Continuous Transport Concepts
(FM-1 through FM-4)

3.1.1 Accomplishment of Tasks 1, 2, 3, 6 and 7

Concepts FM-1 and FM-2Z through 4 differ in
that the former employs the kinetic energy of impeller impact
to transport particles to the surface (Tasks 2 and 7) while
the latter 3 concepts utilize gas transport. A test would be
required to determine the feasibility of Concept FM-1. Because
it is unconventional this concept must be assigned a low con-
fidence level prior to testing. If after testing the basic
transport mode is proven feasible, the concept would be quite

attractive because of its simplicity.

Concepts FM-1 through FM-4 all utilize the
same particle flow path in accomplishing Tasks 1, 2, 3, 6 and
7; and Concepts FM-2, 3 and 4 all use exactly the same method
of accomplishing these tasks. The basic differences between
the latter 3 concepts are in the methods they utilize to seal
overburden out of the rock sampling region (Task 5) and the
required differences in drill bit configurations (Task 4)
necessary for compatibility with the sealing methods employed.

3.1.2 Differences Between Concepts in
Accomplishing Tasks 4 and 5

Concept FM-2 has no special sealing device
for the annulus between the drill bit sidewall and the hole
[ J
sidewall. If this annulus is kept small, and if the particles

produced by dril]l impact are driven up into this annulus, major

.This characteristic also applies to Concept FM-1.
p7el5a




contamination should not occur. However, without test drill-
ing (which is beyond the scope of F.M.A.'s program), it is
difficult to determine whether a special seal is necessary to
prevent contamination of the rock sample by overburden leakage

down the clearance annulus.

In the event a seal is deemed necessary,
Concepts FM-3 and FM-4 provide two different approaches to
this problem. The former concept employs a core drill bit
which is held stationary against the rock ledge it previously
produced, while the central drill bit advances to fragment the
sample 2s shown in Figure 3. The latter concept employs a
mechanjically expanded rubber seal between the liner and the
hole sidewall as shown in Figure 4. This seal is protected
from abrasion before and after sampling since it is smaller
in diameter than the drill bit and liner. During sampling it
is expanded against the sidewall by a cam surface on the
advancing drill stem. During sampling the liner is held
stationary, and the seal is static against the rock sidewall.
There is, however, relative motion between the seal and the
drill stem as the drill bit advances.

The sealing method used in Concept FM-4 {is
expected to be more positive and reliable than that emplioyed
in Concept FM-3. However, it is questionable whether the con-
tamination problem 1s serious enough to justify the complica-

tions necessary to incorporate either of the sealing methods.

3.1.3 Selection of the Best Continuous
Transport Concepts -

If a special seal is not deemed necessary to
prevent overburden leakage down the clearance annulus between
drill bit and rock sidewall, Concepts FM-1 and FM-2 are
considered the best of this group. A choice between them

would depend on test results for reasons previously explained.

If a special seal is deemed necessary, Concept
»*

FM-4 1s considered the best concept of this group.

*
Concept FM-1 does not lend {tself to easy incorporation of
the expanding seal.
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3.2 Comparison of Batch Collection Concepts
{FM-5 through F¥-Y4)

These concepts all accomplish rock sample transport
(Task 7) by the same method. This method is considered as
reliable as the drill extraction process, since once acquired
: the sample is confined in a collection chamber directly con-
% nected to the drill stem,

3.2.1 Accomplishment of Tasks 1, 2 and 3

O
[}
=]

cepts FM-5 through FM-8 use the same

he)

w

methods for dLLUmPL‘ASI K

0

:u
&)
-

- 1
asks 1, 2 and 3.

The methods used for accomplishing Tasks 1
and 2 are relatively positive and are considered reliable.
It is likely that the overburden chamber would fill during
extraction (if not during penetration) thus accomplishing
Task 1. Once the sample is in the overburden chamber, trans-

port (Task 2) is as positive as the drill extraction process.

The reliability of "passing through" the
. overburden with minor compaction to achieve Task 3 is doubtful
if cohesive or very dense overburden were encountered. Tests
i would be required to determine the feasibility of this process

in various simulated overburden materials.

Concept FM-9 has a better capability of

achieving Task 3 since an auger has been incorporated to ease

i penetration of the overburden layer. Achievement of Tasks 1
and 2 is considered reliable since the auger flights could be
"cupped"” to retain an overburden sample during extraction if
the sample were not transported to the surface during the pene-
tration process. If the required auger speed could be matched
to the rotational speed of the drill stem, the auger could
rotate and advance together with the drill stem during pene-
tration of the overburden. The auger could then be driven by

| the rotary impact drive mechanism, and uncoupled during sampling

as shown in Figure 9(b).

b a1




3.2.2 Accomplishnent of Tasks 4, 5 apd &

In this group of concepts the methods employed
to achieve Tasks 4 and 5 were often dictated by Task 6 require-
ments. For this reason, Task 6 will be discussed first.

3.2.2.1 Acconmplishment of Task 6
Acquiring Rock Sample

Concepts FM-6, 7 and 9 depend on
drill induced particle flow up external flutes on the drill
bit to acquire rock sample particles and thus accomplish Task 6.

Concept FM-5 also depends on drill
induced particle flow, but employs large internal ports on the
drill bit for sample acquisition. These ports have externally
operated valves since simple check valves suited for operating

with the very small particle forces available would be unreliable.

Concept FM-8 employs a markedly
different particle acquisition process. It is the only con-
cept (in both major groups) which does not depend on drill
induced particle pressure forces to lift the particles for
acquisition. Instead, the particles are produced above the
acquisition chamber and thus fall into it. This is accomplished
by fragmenting a core and collecting fragments in a chamber
provided in the core bit. It i1s expected that particie size
could be predetermined to some degree by varying the metering
gap shown in Figure 8(b). Particles would then continue to be

fragmented until they were small enough to pass through the gap.

3.2.2.2 Accomplishment of Tasks 4 and 5

The previous discussion of sealing
methods in Section 3.1.2 is also pertinent when comparing

batch collection concepts.

Concept FM-5 employs no special
sealing device to achieve Task 5, because both the expanding
seal and core bit seal were considered incompatible with the

external valve actuation required.

Heie18-



Concepts FM-6 and FM-2 both enmploy
the core bit sealing method. In the case of Concept FM-3
however, the core bit is primarily required to produce the
configuration necessary for the gravity acquisition technique

to be employed.

Concepts FM-7 and FM-9 both employ

a mechanically actuated expanding seal to accomplish Task 5.

3.2.3 Selection of the Best Batch
Collection Concepts

Concept FM-9 which utiiizes an auger must be
selected as the best concept of this group, {f "passing
through" the ocverburden with minor compaction is considered
an unreliable method of gaining access to the rock layer.
This follows because the rest of the mission tasks could not

be performed 1f the overburden is not penetrated.

Concept FM-B should be selected as the best
concept of this group if rock particle acquisition by drill
induced upward particle flow is considered unreliable. This
follows because it is the only concept which does not depend

on this phenomenon for rock sample acquisition.

A combination of Concepts FM-8 and rM-9
could be formed at the risk of introducing excessive complexity,
by adding a rotating auger to Concept FM-38. This would combine

the previously described unigue features of both concepts.

Concept FM-5 has no special sealing device
incorporated and could only be considered superior to Concepts
FM-6 and FM-7 i{f the large internal ports and externally
operated valves peculiar to it offer significantly higher
particle acquisition reliabllity than the external flutes
employed in Concepts FM-6 and FM-7.

Since the mechanically expanded overburden
seal employed in Concept FM-7 is considered superior to the
core bit seal employed in Concept FM-6 (see Section 3.1.2 for
a discussion of these seals) and FM-6 offers no other signifi-
cant advantages, Concept FM-7 would be considered the more

promising concept of the two.
=19~




4. Conclusions and Recommendations

The selection of the best continuous transport and batch
coliection concepts was discussed in Sections 3.1.3 and 3.2.3
respectively. In these discussions selection alternatives were
presented which are dependent on the predicted performance of
the concepts in accomplishing one or more of the designated

tasks.

The following conclusions and recommendations are based

on our engineering judgment and our understanding of J.P.L.
experience with rotary impact drilling.
a. Conservative practice indicates selection of Concept

FM-4 as the most promising continuous transport
concept since it provides a positive overburden
seal, is relatively conventional, and sample
acquisition by drill induced particle flow was
deemed feasible by J.?”.L.

b. Conservative practice indicates selection of Concept
FM-9 as the most promising batch collection concept,
since it provides a positive overburden seal, a
particle acquisition method deemed feasible by
J.P.L., positive overburden and rock sampie trans-
port, and is the only concept of this group which does
not depend on compaction to penetrate the over-

burden.

c. Unless tests are conducted which justify the elimina-
tion of conservative design features, we recommend

parallel development of Concepts FM-4 and FM-9.

d. In order to insure that device complexity is ulti-
mately minimized, we further recommend that tests

be conducted in the following areas:

1. Penetration of overburden by passing through

with minor compaction.

2. The need for a special seal to preclude rocCk

sample contamination by overburden leakage.

.. =20-




The feasibility of particle transport by the

impeller impact method for use in short holes.

The particle flow performance of various drill

configuration concepts.
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Concepts 1, 1A, 2, 3, 4, 5

Sampling By Use Of Calvx Basket.
Concept 6

Lunar Sampling By Coring.
Concept 7

Lunar Sampling By Abrasive Coring.
Lunar Sampling By Abrasive Cutting,

Sampling By Screw Conveyor
Concept B

Sampling By Vibrating Spiral Conveyor
Concept 9

Soil Consolidation
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Removal Of Overburden By Electrostatic Repulsion
Concept 11

Removal 0Of Overburden
Concepts 12, 12A, 13, 14, 15

Double Wall Tube To Seal Overburden From Sample
Concepts 16, 19

Sampling By Use Of Explosives
Concepts 17, 18, 18A
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APPENDIX B.l

REPORT OF INVESTIGATION

GAS TRANSPORT THROUGH A DOUBLE WALL TUBE

Tntroduction

This investigation covers concepts 1, 1A, 2, 3, 4 and 5, gas transport in a double
wall tube for a geological sample acquisition and transport device.

Investigation

The double wall tube concept using gas as the medium to transport the sample will meet
the contract requirements provided that there will be rock to drill in and under the
assumption that there will be no loss of gas to the formation. Concepts 1A, 4 and 5
have merit and would be able to transport the sample under the given conditions out-
lined above.

These concepts or devices will not perform satisfactorily when rock is not encountered.
Generally in these concepts the outer tube is used to seal out the overburden and is
also used either to transport the material up to the surface or act as the passageway
for the gas to go down to the bit or pick up area. When the sample is to be taken

from the overburden and the formation is porous, all of the concepts will allow leakage
of gas to the formation. This leakage will be detrimental to the operation and success
of the gas transport in a doubie wall tube.

The following concept by Mr. W, T. Jones and Mr. D. L. Imler is an attempt to solve the
problem of obtaining a sample when rock is not encountered and the desired sample is
obtained from a bed of particulate material. See Figure 1.

The operation is: after drilling to the desired depth to reach the sample and it is
known that there has been no rock contacted, drill to an additional depth which will
cover the spring and bellows. After this depth is reached the explosion bolts are
fired and the spring and bellows will separate from the casing. Drilling will then
continue and the sample will build up inside the casing. Gas will be diverted to the
gas jets and blow the desired sample to the sample receiver. The one big assumption
that was made was that there will not be a formation change from the sample location
to a depth of approximately 1-6 inches below.

Figure 2 is a sketch of a concept by which the drill would drill dry as far as the
drilled hole is concerned because there will be no flushing medium around the bit.
This advantage will allow us to drill and collect the sample in the bed of particulate
material and not lose gas to the surrounding formation. The drill will operate for

a period of time long enough to fill the storage chamber. The drill is then pulled
off bottom for a small distance and vibrated, this action will cause the material to
fall off the bit spiral and allow the flapper value to close. Then gas is pumped or
blown down the tube and the sample is lifted out.

B.1.1




Another device that would prevent leakage back to the hole past the bit is shown in
Figure 3. In this operation the drill would operate in a continuous manner, thail is
the drill would not have to be stopped in order to transport the material as would
be the case for Figure 2. As the drill advances material is accumulated inside the
storage chamber. The vibrating drill imparts upward motion to the particles and as
they pass out through the cone shaped nozzle they are picked up by the gas and trans-
ported to the surface.

The concepts as shown by figures 2 and 3 appear to be feasible. Laboratory testing
will be required in order to determine if the concepts will work. The problem of
contamination of the sample does not appear to be a problem with the vibrating drill
stem and gas medium acting as self cleaning agents.

The weight of the gas and equipment necessary to provide for gas transport in a double
wall tube can be approximated from the graph taken from Hughes Tool Company's 1960
Final Technical Report on Preliminary Feasibility Study of Drilling a Hole On The Moon.
Four pounds mass would give us about 7.5 operating hours.

Conclusions

1. Concepts 1A, 4 and 5 would be able to drill and acquire the required sample in a
non porous rock, but would probably not work in a bed of particulate material.

2. Laboratory testing will be required to evaluate the merits of the proposed systems
as shown in Figures 1, 2, and 3.

3. Gas can not be passed through the drill bit and used as the transport device
because of the possibility of drilling and taking a sample in the overburden. Thus
the best method of getting a sample is with a system which uses a bit similar to

the one developed by Hughes Aircraft. The system as proposed and shown by Figures
1, 2, and 3 uses such a drill bit.

“‘ngﬁf sygggm a ws%?wn by Figure 3 has the most merit.
- 1 oY
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APPENDIX B.2

REPORT OF INVESTIGATION

SAMPLING BY USE OF CALYX BASKET

INTRODUCTION:

Concept No. 6 is described as follows: "Calyx basket in pilot hole to
catch cuttings from a reaming drill". The basic thought of this con-
cept wvas that the reaming of & pilot hole in hard basalt would require
less energy than drilling a full hole.

INVESTIGATION:

Advantages cited center about the fact that this is a mechanical cuttings
retrieval system, and &8 such requires no gas Bseals such as may be required
in a gas transport systen.

The disadvantages cited are well teken and would appear to be sufficient
cause for r-jection of the concept. In the first case, the production
of the pilot hole itself in hard rock would pose the same problems we
are attempting to alleviate by & reaming operation, except perheps, the
concern for contaminant exclusion, If & pilot hole must be produced at
all, its cuttings could as well be used as the sample, without the added
complexity of a reaming operation.

If indeed, the use of a reaming operation and collection of cuttings in

8 basket would assure an uncontaminated sample, further development would
be in order. However, Disadventage (2) appears to be an unswrmountable
Problem, particularly if the reaming operation is to be done by percussive
drilling.

As presented, Concept No. 6 appears to offer the advantage of extreme
simplicity. However, it is depicted in an intermediate stage of operation.
Considerable complexdty is added when provision is made for achieving this

stage. In fact, a solution for achieving thie stage is not immediately
evident.

CONCLUSIONS:

Concept No. 6 does not merit further consideration.
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APPENDIX B.3

REPORTS OF INVESTIGATION

LUNAR SAMPLING BY CORING

INTRODUCTION :

This investigation relates primarily to Concept Lo. |, which
states, "Obtain solid core, then bring it up thru dust. Use
air and/or vioration to vlow off cdust". Feasivility of this
concept may be exanined by dividing into four pihases:

(1) Producing the core, (2) Breaking the core, (3) Re-
trieving (trensporting) the core, (4) Cleaning the core.

The presamption is made that the capability of coring in rock
as hard ws oasalt is required.

INVESTIGATICi:

‘ 1. Producing the core. A classification of coring methods
follows:

A, Rotary

(1) Carbide tipped tool Ref. (1)
(2) Diamond tool Ref. (1)
B. Punch Ref. (2)
C. Sidewall Ref. (2)
D. Cable tool Ref. (2)
E. Chip Ref. (2)

F. Percussion

In practice, the most popular and hignly developed is rotary coring
witn diamond tools. Metnods B, D, &end F are basically similar in
that each involves the successive pounding of the coring tool against
the formation. Thnese three metnods wilil be discussed as a group.
Method C, sidewall coring, will be treated in Concept 18A. Chip
coring is presumed to ve ouiside the scope of Concept No. 7, inasmuch
‘ as this concept depends on the production of one large piece of rock,
or at worst, several, 8o that the surface area exposed to possible

B.3.1
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contamination is held at & minimum. So, this investigation is
concerned primarily with Method A, rotary coring, and scme form
of Methods B, D, and F.

Rotary coring was examined in the light of reasonably presumed
limitations on device weight, thrust, and power (20 1b. earth
weight, SO watts continuous, 50 1b. max. thrust). Reference (1)
is cited, referring to a 1" dia. carbide coring bit: "Carbide
tipped coring drille vere the only rotary drills that would
penetrate granite without a cooling and flushing medium. These
drills penetrated quite slowly and dulling of the bit was quickly
evident. Shortly after the start of drilling in a particular hole,
power consumption would drop because the now duller bit would take
a smaller bite. Power and penetration rate would then remain con-
stant until that point in the drilling cycle where the drill dulled
completely”. At 50 1lb. thrust and 250 rpm, this 1" dia. carbide
coring tool required 8 min. to cut 0.25" depth. At 50 1b. thrust
and 735 rpm,it required 8 min. to cut 0.37" depth. In the first
case, power consumption was about 125 watts, and in the latter,
about 310 watts, continuous. In both cases, little additional
penetration was being experienced after 8 minutes. Presuming a
core diameter of 3/4", approx. 1/2" length would have to be
successfully recovered and processed t0O meet the 3 cc. sample
volume requirement.

One of the musts for dismond drilling or coring is a sufficient

supply of cooling medium, normally water or drilling mud. OSee
References (2) and (3). Ref. (1) cites tests of a 1" dia. diamond

core bit in marble and granite using an adequate cooling and flushing
medium. With 45 1b. thrust in marble and at 900 rpm, 4-1/2" were
drilled in 2 minutes. To quote Ref. (1), "Diemond core drills were
then evaluated in granite specimens using a 50 1lb. thrust and no
cooling or flushing agent. The drill bits quickly burned, polishing
the diamonds without making any significant penetration. One diamond
bit was then fluted -~ « = « « - = « Two brief tests were run in
sandstone with a flow of cooling air and one in granite without cooling
air. All runs lasted one minute or less". “Although no additional
consideration was given to diamond core drilling, it remains possible
that certain advantages may accrue if a bit were fabricated, particularly
for the non-cooled task".

Percussion coring (related Methods B, D, F) may offer possible ad-
vantages for the "non-cooled task" mentioned above. The basis is
taken from Ref. (1) which states, in the section on Rotary Drilling
Solid Carbide Bits, "Several 1" to 1-3/8" dia. solid drills with
carbide bits were experimentally evaluated in samples of concrete,
Berea Sandstone, and Gabbro granite - - - ., Even at drill thrusts as
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low as 2l 1b., concrete and sandstone were penetrable. - = - =
However, when it was attempted to penetrate granite, no sig-
nificant penetration was made at drill loadings up to 160 1b".
When similar drills were used in rotary impact, a 1" dia. drill
penetrated granite at a rate of approx. 7-1/2" depth in 8 minutes,
with no appreciable dulling, at a power level of 550 w. 1In a
coring operation, and for the depths required, it would be ex-
pected that power requirements could be lessened considerably.

Additionelly, percussion coring may well be compatible with the
lunar drill already developed. Seversl deterrents exist, hovever.
A design for the percussion core drill would have to be developed.

This would probably take the form of carbide shapes disposed in a
circunferential manner. Diamonds, due to thneir low impact strength,
would not be suitable. Another possible drawback is the questionable
ability to get unbroken cores of sufficient length. However, in this
application in basalt, where the length need not be over 1" at most
for a 3/&" dia. core, the chances of getting & single core would
appear to be good consistent with favorable rock continuity.

2. Breaking the core. Assuning that a core of 1/h"™ to 3/4" dia.
has been successfully produced, in solid basalt, with no convenient
discontinuity present to assist breakage, an estimate was made of
the tensile load required to break such core at its base. Little
data is available on tensile strength of rock. However, Reference
(4) gives 2550 psi for North Carolina diorite, 410 to 1030 psi for
various granites, and 860 psi for Maryland marble. Based on &an
arbitrary 1000 psi tensile strength, 1/4" dia., 1/2" die., and 3/4"
dia. coreswuld require approx. 50 1lb., 200 1lb., and 450 lb. pull,
respectively, to break. It would appear absolutely inconsistent
with weight and power requirements to consider tensile breaking of
cores larger than 1/2" dia.. In fact, 1/2" dia. appears questionable.

Another possibility of breakxing the core would be by wedging against
its top end, or providing a bending moment with the maximum moment I g
occurring at the base of the core. Required moments would be &/S'Ib.
in., 12.5 1b.in., and 42 1lb.in., for 1/4", 1/2", and 3/4" dia. cores,
respectively, based on 1000 psl tensile strength. Assuming a wedge
angle of 30° (anything smaller would get Into the range of possible
problens with respect to surficient axial movement to effect an
adequate lateral forcing displacement) and resolving force camponents,
and assuming a maximuz downward wedge force of 50 lb., it would appear
quite possible to break cores of 1" length and up to 3/4" dia.,
dependent upon fricilinal characteristics of the wedge application
mechanism. However, it should be recognized that radiel spatial
requirements to build such & device would be extremely stringent.
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3. Retrieving (transporting) the core. Assuning Phases 1 and

2 can be achieved, Phase 3 requires a core catcning mechanisam to
retain the core in the barrel during withdrawal. If the core

remains intact, a simple wedging split ring mounted on an inner
tapered surface inside the coring bit can be made to hold the

core. See Ref. (3) p.265. 1If the core is dust, or rubble, or

in small pieces, some other, as yet unknown, means would have to

be developed. 1 see nothing but almost insurmountable problems in
attempting to devise a universal device to fit all possible situations,
without benefit of intelligent monitering and control.

If the sample can be withdrawn, &and the bottom of the core barrel is
open, the same percussion drilling system could be used for removing
it from the barrel, simply by withdrawal, disposing the bottom of
the core over a hard, elongated probe (tungsten carbide perhaps)
mounted vertically in the center of a sample catching pan, and
Teeding downward egainst the probe with the percussive drill
actuated. This should break the core into sufficiently small

pleces to permit shaking it from the barrel. This method presumes
an ability to effectively purge the core barrel and core of con-
teminant dust before fragmentation (see next section).

L, Cleaning the core. Upon withdrawal of the core barrel with its
captive core from benesth the overburden, it could possibly be in-
serted into a purge chember, where purge gases could be circulated in
such s manner, while operating the percussive mechanism, as to ex-
haust the residual dust from the entire coring device and core to

the lunar stmosphere. This could be done with & minimum of high
pressure gas, in intermittent spurts, to conserve gas. Gas re-
quirements to effect this cleaning should not be excessive. I
visuaelize the indexing mechanism to be essentlally three positions:
(1) drilling, (2) cleaning, (3) dumping. Here again, this method
would not work on a dust sample, but should work reasonably well on an
intact core sample or one which is in relatively large pieces.

CONCLUSIONS:

1. The foregoing discussion presumed the coring bit to be in position
on top of the hardpan. Means would have to be devised to get it in
such position. ¥Possibly a soft bull plug held in place with soft
shear pins would effectively keep the core barrel clean to this

point. The drill stem would have to be rotated, or vitrated thru

the overburden, with dust or rubble being moved upwardly with

purging gas in the annulus. Upon reaching the hardpan, the pins

could be sheared, and the bull plug could ride on top of the

resulting core. The problem of getting the device to hardpan is
Judged to be one of considerable difficulty, inasmuch as various types
overburden material would have to be negotiated, and control thru such
diverse material could not be easily achieved. Development tests
would be required.
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2. 1If coring of any sort is to be accomplished, it must be by
percussion means. This fortunately, may be quite compatible
with the already available percussion drill.

3. Breaking of cores by wedging (bending) rather than pulling
would appear to be feasible. This conclusion depends upon develop-
ment of radial spatial design relationships not currently known.

4, Cleaning of the core may be achieved by sporadic gas blasts,
presuming that the core is essentially intact or in large pieces.
Dust or rubble samples could not be cleaned in this manner.

5. Transporting and retrieving intact cores could be achieved, by

vibrating against hard metal probes disposed over the sample pan.
Dust or rubble samples could not be accommodated.
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APPENDIX B.3

LUNAR SAMPLING BY ABRASIVE CORING

INTRODUCTION:

Reference is made to the Report cf Investigation, "Lunar Sempling by
Coring", and Concept No. 7 which states, "Obtain solid core, then
bring it up thru dust. Use eir end/or vibration to blow off dust”.
This report 1s to examine an additional possible method of producing
8 core, that of abrasive cutting.

INVESTIGATION:

Ssnd-laden fluids have been extensively used for various oilfield
applications such as perforating thru casings, open-hole cleanup and
well bore enlargement, es an aid to hydrasulic fracturing, horizontal
or vertical cutting of casing or tubing, removal of cement or bridge
plugs, and drilling of rat or mouse holes in hard rock. Reference L,
The magnitude of the operstion end egquipment involved in these appli-
cations would preclude its spplication in luner sampling work without
extensive scaling-down and attendent develomment work. For cxample,
& s5ingle-stage, triple orilice jet gun used ior & well notching
operation required 8000 1b. of 20-40 mesh sand in CLOO gal. of gelled
water at 150 gpm and 2600 psi. Ref. 4 .

A further "feel" for the capavility of sand-lsden fluid streams to
penetrate various rock formations is ootsined from Tables from Ref. 1 .
General recommendations were made. The maximum nozzle pressure drop

TABLE 1 - TEST POINTS FOR GRANITE

Point 1 Point 2 Point 3

Cutting Time (min) 95 3 18
Penetration (in.) 10.5 2.4 L.s
Nozzle dp (psi) 3200 3200 2000
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TABLE 2 - MAXIMUM PENETRATIONS CALCULATED FOR GRANITE AS A
FUNCTION OF NOZZLE DIFFERENTIAL PRESSURE.

Ar Nozzle V th* max at t = =0
(psi) (£t/sec) (in.)

2000 b1.5 14.6

2500 h.,5 16.4

3000 hi.s 17.9

3500 41.5 19.4

4000 k1.5 20.7

*Threshold Cutting Velocity

TABLE 3 - MAXIMUM PENETRATION IN INCHES (OPEN-HOLE AND t = ® ). Baesed on EQ. 16

H¥* Nozzle Differential Pressure

(CT VvV thwsx (psi)
Material Scale) (ft/sec) 2000 2500 3000 3500 L4000
‘asalt, Nephelite, Austin, Tex. 19 ki.s5 14.6 16.4 17.9 19.4 20.7
Quartzite, Roanoke, Va. 19 41.5 k.6 16.4 17.9 19.4 20.7
Granite Biotite, Barre, Vt. 19 k1.5 14.6 16.4 17.9 19.4 20.7
Granite, Quartz Monzonite, Milford, N. H. 18 39.3 15.5 17.3 18.9 20.4 21.9
Schist, Muscovite, Charlottesville, Va. 17 37.1 16.4 18.3 20.0 21.7 23.2
Limestone, 5iliceous, Coyote, Calif. i7 37.1 1G.4% 18.3 20.0 21.7 23.2
Sandstone, Ferruginous, Shreveport, La. 1k 30.5 19.9 22.2 24.3 26.3 &8.1
Limestone, Dolomite, Joliet, Iil. 14 30.5 19.9 22.2 24,3 25.3 28.1
Merble, Calcite, Ball Ground, Ga. 11 24,0 25.3 28.3 21.0 33.5 35.8
Marble, Siliceous, Texas, Maryland 8 17.5 3k.,7 38.8 L2.5 U45.9 k9.1
Sandstone, Bituminous, Provo, Utah 6 13.1 Lok 51.8 56.8 61.k 65.6
Limestone, Bituminous, Ravia, Okla. 3 6.55 92.7 103.7 113.6 122.7 131.2

#*Hardness (Int'l. Crit. Table Scale)
HThres. Cutting Velocity

consistent with safe practice should be used. The tool should be designed
for stand-off distances of 6 nozzle diameters or less. Sand ratios in the
range from 1 to 2 1b./gal should be used. A relief perforation should be
performed to improve penetration characteristics.
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The possibility was suggested that sand-leden air or gas streams at high
velocity could be used to produce the core. An inguiry was directed to

the S. S. White Co. regarding their Industrial Airbresive Univ. Ref. 3 .
This unit uses high velocity plant air or bottled COp at approx. 80 psi
operation pressure, and 27 to 50 micron aluminum oxide or silicon carbide.
powders directed thru tungsten cerbide or sapphire nozzles. A 12 oz. charge
25 powder will last approx. 1 hour, and gas consumption at 75 psi is about

3 cfm.

In evaluating the capability of such & unit to meéxe & core in basalt, &
nozzle tip distance of .197" was presumed which would produce a cut of

.025" dia. moving the nozzle in a 1/2" dia. circle to produce a 1/2" dia.
core, and estimating a cutting rate of 50 milligrams of material removed
per min., approx. 1/2" depth cut would have to be mede to assure a 3 cc
sample (assuming some core loss in retrieval). This depth cut would require
approx. 20 minutes and consume about 7 cfm of gas and 200 grams of abrasive
powder, based on production rates presented for ceramics.

Presuming that access to the hardpan can be obtained thru the overburden,
this method offers a possible attractive alternative to percussion coring.
However, the same problems with respect to breeking the core (2) and re-
trieving the core (3) discussed in the IOC of 6-14-65 still remain. There-
fore, the simplicity inherent in the "Airbrasive" system would be partially
nullified if it becomes necessary to subsequently enter into the kerf with
a core breasking and retrieval mechanism. On the other hand, it does not
uppear infeasible to design & corvination core-cutting, core under-cutting,
core breaking, and retrieval tool which can perform all of these operations
once access to the hardpan is attained thru a cesing system.

In all probability, supplementary gas would have to be supplied to remove
abrasive particles and cuttings. An attractive possibility is that the gas
used provides an adequate contaminant to prevent adhesion of particles in
the hole or on tool surfaces.

The commerciasl model Airbrasive unit could provide a basic starting point,
but major modifications would have to be made to meet parameters.

CONCLUSIONS:

The Airbrasive system may be an attractive shock-free substitute for per-
cussion coring., The writer feels that this system bears further investigation.
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APPENDIX B.3

LUNAR SAMPLING BY ABRASIVE CUTTING

INTRODUCTION ¢

At the July 13 and 14 design review, it wos suggested that the "Airbrasive”
method be evalusted as a possidle technique for spplication in & lunar

geologic sampling system. Reference is made to Rerort of Investisition in which
"Airbrasive"” wvas evaluated as & method to produce cores. JIts use in a

coring method wes held to be attractive, but the coring method f{tself wvas
discarded a8 being too difficult to apply end wvith

no capacity to acquire dust or rubble samples.,

INVESTIGATION:

An exemination of the geometrical aspects connected with epplication of this
technique indicated the first proolems. 1In use of the S.S. White Airbrasives
unit (Ref. 1) on which this analysis will be based, a standard .018" dismeter
nozzle, with a .590" nozzle tip distance (NTD) produces e hole 079" in
diemeter. This hole dismeter is sufficicat Lo provide clesrsnce for the
rnozzle tip {.052" d&is.) and provide an zanulus for return gas and cuttinge
flow. The length of .079" &ia. bole required to produce & 3 cc sample,
presuning a punch-type operation is employed, would be

3ee x 6.102 x 1072 }23
L e cC w 37.4 in.

™
% (.079)2 1a°
Normal nozrle tip length of the White Airbrasive unit is 3/16".

Based on cutting speeds in ceramics, which are arbitrarily taken as being
roughly equivalent to cutting epeeds in basalt, 90 milligrams of materisl

may be removed in one minute. Presuning that the counstant NTD of .590" can
be maintsined (to insure hole diameter), approx. 110 minutes would be required
to punch the 37.4" deep bole.
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Conceivably, the nozzle tip size may be enlargcd to enadble the acquiring
of the desired sample size without poing to the improbable depth of 3T".
Thus, 1f orifice size were doubled, ard it is presuzed that hole size 18
sccordingly doubled, material removed per unit depth would be gquadrupled,
and the required depth would be approx. 9* « 10". However, gas flow, and
probably abresives flow, requirements would be incressed by a fector of
four. In spite of these increased flow requirements, abrasive and gas
volunes do not eppear to be unreacczeble.

The technique of sampling by asbrasive cutting wes also exsmined in light
of the many other requireaents of the geologlc cemple acquisition and
transport device. These irncluded: (1) ability to penetrate overburden
to rock, (2) ability to saxzple overvurden, (3) ability to acquire rock
semple, (4) ability to transport sauple, (5) camplexity, (6) sample
sorting, and (7) sample contamination.

Requirements (1) and (2) preceding, appear to offer rather formidable ob-
stacles to use of sn Airbrasive type uunit, at least in its comzercial form.
Regarding (1), a long thin nozzle could be easily forced thru under-dense
overvurden to the proximity of the hardpan. However, in cohesive overe
burden, this cepability may be seriously harmpered. In order to protect

the nozzle 80 88 to ensure its capabllity in bedrock, it would appear
wandatory that access to the bedrock be achieved thru & previously emplaced
cesing. Thus, en inherently simple systex 18 mede more complex by the
caving rcquirement., Additionsaliy, tie overburden seapling requirement is
still not satisfied, and would prciably have to be provided by an auxiliary
system.

The abrasive particles which are used in this cutting system are in the order

of 10 to 50 microns in size. Tals is within the ranze of decired sample
particle size. It is possible that the adrasive particles are readily dis-
tinguishable 88 known sauple contazinant by the analytical device., On the
other hand, if it 18 proved to be desirable to separate abrasive particles
from rock particles, some sort of separating system would have to be
provided, compounding complexity.

CONICLUSICNS:

Application of the Airbrasive system to lunar sampling appears to be much
too complex to warrant further consideratioa.

ROB:am
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APPENDIX B.4

REPORT OF INVESTIGATION

SAMPLING BY SCREW CONVEYOR

INTRODUCTION:

This investigation covers the use of an auger or screw conveyor
as a geologic sample acquisition end transport device.

INVESTIGATION:

Laboratory testing of an auger by Joy Manufacturing Company (1)
Ylelds the following information:

(1)

(2)

(3)

(4)

Effect of pitch:

The larger the pitch the higher the rate of trans-
portation for any given auger speed. This increase
has & decreasing tendency a8 pitch increases.

Effect of flight roughness:

Increasing surface roughness decreases efficiency
of transportetion.

Path of chip travel:

Chips move slightly up the flight while generally
moving radially outward to the sidewall, and then
up the flight along the side wall.

Effect of flight shape:

¥
45>°/’_ . E
' - —

Putting a h5o on the edge of the auger increased the
rate of transportation.
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(5) Effect of number of flights:

A double flight auger removes less material than a
single flight auger.

(6) Effect of moisture content:

Dry sand pours easily and greatly increases leak
back around the auger flight. Damp loam does leak
back somewhat but in general transports very well.
Very wet loam sticks together and is removed in

mAd L wmanmisdmnd A s ot
PETU A0 LA TYULLTU VU ODuad v

o~~~

HLcI auges
P

LA o
transpertation.

(7) Effect of bearing area:
)

Increasing the contact area of soil and side wall
greatly increases the evacuation rate.

(8) Effect of time:

The evacuation rate remasins feirly constantly high
in the early stages of evacuation and then tapers
off as the flignhts are emptied.

Additional tests showed that the 45°4 on the auger flights had &
greater leskage than the standard auger. They did not recommend
the use of the 45°4 .

The relationship between the auger size and speed, the various friction
factors, the auger helix angle and the particle path has been determined

(2).

The equation for the minimum speed at which the auger can be rotated
and still have material feeding up its flights is:

RoF =g _Mp  ( Mp +tane )

AMw (T - Mp tan 6)

Where R = auger radius
W = angular speed of auger

Mp = friction coefficient between particle
and plane

My, = friction coefficient between particle and
wall

8 = helix angle

B.4.2




TR L

The graph on Pageh-shows the relaticnship of the minimun rotary
speed necessary to transport material up tbe flight with the co-
efficient of friction. This graph is for the given condition of a
1/2 inch diemeter auger with a pitcn of 1/8 inch. An examination

of the equation shows that by reducing the pitch and holding the
other variables constant the rpm necessary to transport the material
is reduced. The pitch though, can be reduced only to the smallest
value which still will let material pass up the suger flights. The
optimum pitch for a given auger diameter and msterial will have to
be experimentally determined.

On the lunar surface, a 200 rpm auger would transport material which
had a coefficient of friction of spproximately 1.5.

This concept would allow the sample to be received without contamination
from the surrounding terrain. The concept is relatively simple. The
concept could be an integral part of the lunar drill i.e. the screw
conveyor system could act as the drill stem.

The variables that will affect the operation and success of the auger
Or BCYEW conveyor are:

1l. lunar environment
2. coefficient of friction

() between auger and casing
(b) Dbetween asuger flipght and material

3. rotary speed of conveyor

L, auger design

5. size and type of material

6. size of hole to be drilled

T. power required to transport the material

The path of materisl travel in an auger is: the particles move
slightly up the auger flight wiile generally moving radially outward
to the sidewall, and then up the flight along the side wall. Generally
there is leakage past the auger {lights due to tne clearance between
the auger and the wall of the hole or casing. Tnis leakage will be
sggravated if the auger is vibrated as would the case if the auger
were an integral part of a percussive type tool.

The auger sample transport concept appears to have considerable merit.
Considerable experimental work will be necessar:” to determine the
effects of the lunar environment on the operation of the system.
Present knowledge about the lunar surface material and the effect of

8 high vacuum on the working of the system leaves much to be desired.
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The oystem as I envision it would consist of a drill bit which
produces the transported material and projects it onto the auger
flignt, the suger flight and casing and & deflector to deflect the
transported material to a device which transports it to the analyzer.
The complete system will bave a few design problemns namnely:

1. Getting material avay from bottom of hole.

2. Movement of material from bottom of hole up and
upon the auger flights.

3. Prevent leakage of material around auger flights if
the device uses a percussive type drill.

CONCLUSIOKS:
1. The auger sample transport concept is feasible.

2. Effectiveness of the transport system will have to
be determined through experimental tests.

3. Tests could be made in conjunction with model to be
built for concept #9.

The advantages of the auger transport system are:

1. Can be used cn a percussive type tool as well as rotary.
This advantage is in eifect concept #9.

2. Simplicity.

3. Reliable.
The main disadvantage would be the long testing and development
program necessary to arrive at the best design which would meet

all the necesgsary requirements.

BIBLIOGRAPHY:

1. "Mobile Autamatic Earth Drill" by Joy Manufacturing Co.
Project No. 8-07-07-102; Contract No. DA-4k-009 ENG. - 2518
dated Auguest 31, 1956.

2. "The Preliminary Design of a New ADH Hole Digger" by Foster-
Miller Associates, Inc. dated April 15, 1960.
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APPENDIX B.5

REPORT OF INVESTIGATION

SAMPLING BY VIBRATING SPIRAL CONVEYOR

INTRODUCTION:

This ianvestigation covers the concept of a vibrating spiral

conveyor for a geological sample acquisition and transport

device.

INVESTIGATION:

This study was made in conjunction with the study of Concept #8,

a spiral conveyor for the geological sample acquisition and trans-
port device. Library and literature searches back to the year 1960,
produced little information on the subject of vibrating screw type

conveyors.

Laboratory tests of a vibrating screw conveyor by the Jet Propulsion

Lavoratory (1) have shown that the vibratory principle is feasible.

A sketch of a proposed bread board model is attached. The system
would consist of a Skil model 726 Roto-Hammer (2) supplying the
basic rotary and hammering motion, an auger attached to the drill
bit, and a casing encompassing the auger. The advancement into
the formation would be provided by a motor driving a feed screw

which is attached in a fashion to the casing.
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The operation would be:

1. The Roto-BHemmer would supply the rotary and impact
motion to the auger.

2. This motion is transmitted through the auger to
the bit.

3. Cuttings produced by the bit are transmitted by
the bit up to the auger.

4. The auger transmits the cuttings up the flights
and generally adjacent to the casing wall.

5« Cuttings from the auger flights are passed out

. through the ports in the casing wall.

An attempt was made to see if the casing and bit could be united
as a single unit. It was thought that there has to be relative
motion between the auger and the casing, but this might not be the
case if the system is vibrated. A feasible system with the casing
and bit a8 a unit was not found. Systems considered were:

1. Auger rotating at a higher rpm than the casing and

bit through the use of a gear system.
2. Auger rotation through the use of an external power

system.

The system as proposed appears feasible. Two problems or weaknesses

f . stand out. The first is the problem of the separation of the bit and

the casing efter the impact of the hasmmer. This separation might allow

B.5.2



material outslde of the drilled hole to enter into the material
transport stream. It will have to be experimentally determined
if the separation of the bit fro;}ggsing will be detrimentel and
allow foreign material into the transport system. The auger will
rotate st 520 rpmn and the hammer will strike 2LDO blows per minute.
The second problem is how to keep the auger clean or free from
overburden contemination just before it is desired to take a sample.
Possible solutions to this problem are as follows:

1. Use gas

2. Use a liquid

3. Mechanical device

(a) Wiper
(b) Brushes

e e LR W e e

4k, Use separate drill to drill to asmple locetion

5. Vibrate the auger

The drill stem assembly, which will consist of the auger, the bit,

and the casing, will probably not come apart due to the fact that the

bit will be attached to the auger and the casing will not slip past
the bit or the upper assembly i.e. (attachments to spacecraft,
transport device to analyzer, etc.). Since the drill stem assembly
will not come apart the only feasible solution would be to vibrate
the auger and shake the material off of the auger flights. It is
hoped that the majority of the materisl can be disposed of in this

manner and the resultant sample to be more than 95% pure.
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An sdditional solution would be to drill deeper than required and
the desired sample would act as the cleansing agent. This solution
makes the essumption that there will not be a formation change while

drilling to the additionsal depth.

A representative of the Syntron Corporation said thaet he did not
know of a single manufacturer who made a vibrating screw conveyor
that might be used in the vertical position. Nearly all of the
screw conveyors are made to operate in the horizontel position. He
thought that it would be difficult to get one to work satisfactory.
Searches through the manufacturers advertisements in the various
composite catalogs indicate that there are no manufacturers making
vertical vibrating screw conveyors. There is a company meking a
vitrating screw COLVEyOr used &5 & vin feeder (3). Additional time
spent searching the catalogs end contacting companies would be of

little value in the concept analysisa.

CONCLUSION:
1. The vibrating spirsl conveyor appears feasible.

2. Two problem aress exist. These problems do not
appear to be too formidable.

(a) Contamination during period when casing

and bit are separated.
(b) Contamination on auger flights.
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APPENDIX B.6

REPORT OF INVESTIGATION

SOIL CONSOLIDATION

INTRODUCTION:

This report covers the investigation of Concept 10 wh
"Consolidate dust around drilling site by freezing, c
or grouting”.

INVESTIGATION:

Concept 104, which 1s the same principle as Concept 10, was
immediately discarded since it was felt that the disadvantaeges
listed on the concept sheet far outweighed any advantages.

Freezing the ground around a shaft sinking site hes been used to
advantsge on earth to stabilize the soil. Since the surface of

the moon receives heat from the sun by radiation, sheding of the
surface should drop the temperature far enough to freeze a liquid.
Gold [1 ] cites measurements by Pettit and Nicholson (June 14, 1927),
Pettit (October 27, 1939), and Strong end Sinton (July 26, 1953) of
the lunar surface temperature during eclipses. These data show that

. ERE . ) SOOI U
wituino &PProxXimately one agur;rrom Loe Lime of saberin £ Wi poasatra,

the surface temperature drops from 350-400 *X to less than 200°K.

Broner and Lander [2J, in referring to the Pettit and Nicholson
measurements, state "cha.nges in lunar temperature occur very rapidly.
During the eclipse the minimum temperature was reached 20-30 minutes
after the sun had ceased to illuminate the moon's surface". Jaeger [ 3]
also stated that the temperature drop at & spot on the surfaece which
moved from sunlight to shadow would be very rapid. However, the

Problem of stabilization by freezing involves more then surface freezing;
the overburden has to be frozen to & depth of up to one foot. 5 Jaeger [3]
gives the thermsl conductivity of the lunar soil as 2.5 x 10™° cal/cm
sec °c at the surface and 2 x 10~ al/cm sec *c at a depth of a_few
millimeters. Muhleman [ 4] gives the thermal conductivity as 10™°

1077 cgs units. Bernett et el [ 5] have determined the thermgl con-
ductivity of simulsted lunar soils to be of the order of 1077 cal/cm

sec *c. This value of about 102 for the thermal conductivity is very
low; hence, there would be a considerable time lag vetween a temperature
drop on the lunar surface and the resulting subsurface temperature 4drop.
The data cited by Gold [1] indicate roughly a drop of lSO'K/hr on the
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surfece while Broner and Lender [ 2] state "...subsurface temperatures
fall at a rate of 8 to 10 deg K per hour". Kopal [6]states "...the
diwrnal variation in temperasture at a depth of one foot already
amounts to less than one-third of its surface range and the effects
of diurnal heat waves do not meske themselves felt till after a time
lag of some 80 hours". Thus surface shading cannot be relied on to
provide freezing temperatures to a depth of ome foot in a relatively
short time.

In addition to the heat transfer problem, there is still the problem
of finding a liquid to use as the freezing medium. The hard vacuum
precludes the use of fluids mormelly used in freezing applications.
Also the fluid would undoubtedly heve to be stored in a controlled
environment chamber during the flight to the moon to prevent excess
evaporation and freezing. Because of #ll these problems no further
effort was expended on soil consolidation by freezing. If con-
solidation offered any hope of success it was felt that it would be
in the area of grouting or chemical consolidation.

A survey C7,8] of methods used in chemical consolidation indiceted
that injection of chemicals to react with the overburden would be
unsuitable for this application. Knowledge of the soil is necessary
to specify the chemicals and the quentity to be used. Lembe[ 8]
describes several types of grout, sll of which are used commercially
on earth and which have their own set of pronlems. OF the grouting
materials described, only AM-9 seemed to have a possibility of working
in the lunar environment. On earth it can be used in the widest range
of soil types and so0il particle sizes. In particular it can be used
in soils of smaller particle size tnan any of the other grouts.

Karol and Mark [9] describe AM-9 end its use in obtaining extremely
precise samples of unconsolidated soils. AM-9 is & chemical grout
manufactured by the American Cysnamid Company. The AM-9 itself is

& dry powder of acrylic monomers which dissolves rapidly in water.

When catalyzed with a specially developed reduction-oxidation system,
it gels in a predetermined length of time by forming cross linked
polymers. 1In the tests descrived in this paper, thirty-five changes

in soll strata were recorded in & forty-foot hole using AM-9 chemical
grout. Only 10 feet away in another hole using conventional techniques
only 10 changes in soil were recorded in fifty feet.
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The local American Cyanamid representative was contacted to learn
more about AM-9. Since this was to be an epplication in & completely
different enviromment, the representative nad no idea of wihether
AM-9 would be suitable or not. A laboratory kit and technical data
for earth applications were supplied to us for testing.

A test was run in low pressure drying chemver. T
cpamber indicaied that & 25.8 inch g vacuum wa
doubtedly there is some err he ce

test did not look discoursging. Chemicals were mixed to give a gel
time of 20-25 minutes. Gelling occurred at 22 minutes. Welght loss
is shown in Figure 1. At the end of 33 nours the gel was still in
one piece, but sfter being left in the vacuum overnight it had broken
up as shown in Figure 2, which is a view looking down into the beaker
containing the gel.

gage on ihe

he
111 an hitt UNe
Peilll,

o\
or in the gage

Another test was run in a vacuum furnace which is capable of producing
a 6x1077 mm Hg vacuum. Chemicsls were mixed to provide a 20 minute gel
time. The pressure in the chamber lowered gradually to 120 microns in
thirty minutes; it then rose suddenly to salmost atmospheric. After
another 30 minutes the pressure had dropped only to 450 microns so the
test was terminated and the sample removed from the vacuum chamber.

Ice had formed on the surface of the AM-9 which was still a liquid.
Rapid evaporation st the surface had cooled the rest of the liquid

~an
: s Nt o o 5% ]
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than the calculated 20 minutes. Aiter veing in tne atmospnere for

about forty minutes, gelling occurred. Because of the rapid evaporation
of the water in a vacuum, AM-9 is not suitable for use on the moon, and
further searching for & suitable grout will not be done at this time.

R R i o SO Y]

During this investigation the use of & grouting or sealing material
around the bottom of a casing sunk thru the overvurden as shown in
Concept 19 of Group 1 was kept in mind. No grouting materiel has been
found, but the application snown in Concept 19 does not require a grout,
only a seal. The sealant does not have to penetrate between the particles
of overburden; it just has to keep the overburden particles from getting
inside the casing. One possible materials for the sealant is low vapor
pressure grease. Riehl [10] ran weight loss tests on several meterials.
He found that duplicate samples of Dow-Corning QC-20093 Fluorosilicone
grease had a 3.2 and 2.6% weight loss respectively within the first
eight bhours of exposure to vecuum on the order of lO'5 to 10°! mm Hg.

No further weignt loss was recorded up to 25 hour exposure.
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The main problem in using grease as a seal is the amblent temperature.
Heaters will probably bLe required in the grease storage chamber to
keep the grease viscous enough to flow. Once the grease leaves the
storege chamber, however, it must pass thru a smell diemeter hole
down to the bit. This long (relative to dlameter) passage will have
been exposed long enough to have reached ambient temperatures. At
these temperatures the grease provably will not flow thru the small

T~y o
LULTe

During the contractor's preliminary design presentation to JPL, the
following ides wes mentioned. Unconsolidated particles larger than
300 microns present a problem. They are too large to get good results
from the X-ray diffractometer. They cannot be comminuted in place by
a drilling device because of their non-cohesive characteristics. A
separate flail to comminute the particles adds complexity. By con-
solidating a comparatively large volume of this overburden with a
resin or grout, the drill could be used to reduce the size of these

particles while the individuel particles were held in the matrix of
the resin or grout.

The only problem bere seems to be the material selection. This concept
fits very closely within the framework of this investigation which so
far has revealed no suitable material for overburden consolidation.

SONCLIUSIONG:

\rddwad b Asalini o

1. Consolidation by freezing the area sround the drilling
gite is not prmctical because of the heat transfer
problems and the difficulty in selecting a fluid to use
in the lunar environment.

2. Consolidaetion by chemical meens is not practical.

3. Consolidation by chemicel grout or resin might be
possible. However, to develop this concept any
further would take a considerable material develop-
ment program. Such a program is beyond the scope of
this i1nvestigation.
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APPENDIX B.7

REPORT OF INVESTIGATION

REMOVAL OF OVERBURDEN BY ELECTROSTATIC REPULSION

INTRODUCTION:

is repurt cuvers Lue investigalion of Comcept 11 which states
Use electrostatic repulsion to move dust away from drili site".
This concept was advanced as & result of the statement by Kopal

[1] referring to the effect of the solar wind: "All three processes
... &re bound to keep charging the surface of the Moon positively

in the course of time..."

INVESTIGATION:

The first step in this investigation was to conduct & literature

search in an effort to determine the smount of charge on the perticles.
Vey and Nelsonl[ 2 ] say that Gold[3] end Grannis[tl] have attributed a
considerable amount of lunar erosion to solar radistion. They also
make the statement that attractive and repulsive surface forces between
s0il particles may be developed undéerultra-high vecuunm.

Salisbury [ 5] sifted basalt powder in a vacuum chember. Thise powder

Tand T caam e A0d m i ool em o Ao AL - _
Cdaal WP OO aail Wared L5 LGl LLAGGdT Lo wr' g ae i ‘.L:'.‘ -_unm._u:L Nd ‘5‘

He found that the particles were electrostatically charged. Some
particlies had plus charges, others had minus charges, and there were
groups of particles that together were neutral. He also made the
statement, "But with particles of both signs, &s well as neutral groups,
even if you charge s plate you will alweys get particles adhering to
it".

Grannis 4] has used a statistical approach to calculating the upper
limit on the charge of & grain of S5 silica dust on the Moon's surface
due to the effect of the solar wind. He found the upper limit to be

% 2800e, where e 1s the electron charge. He then discusses electro-
static hopping and develops an equation for the rate of downhill mass
transport due to this hopping.

WalkerL 6] carries the calculstions a little further by including the
effect of the change in rate of charge build-up on & grain as the
grain charge becames larger. He says that 2800e is too high and
concludes that the statistical fluctuastion of charge on the lunar dust
grains is not significant. He also states that in an independent
investigation by Singer and Walker it was found that electrostatic
forces were insufficient to tear loose dust particles, or even to
raise them.

B.7.1
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Coffman [ 7] calculates the charge on a grain of dust using energy
methods. He finds that the maximum number of electrons which can
be attached to & S5u grain of dust is 7600. His discussion of the
critical radius for hopping follows:

"Hopping of dust grains will occur in an electric field.
However, there is a critical radius which limits the size
of the grains which hop. The maximum charge (maximum
number of electrons) is proportionsl to the radius of the
grain. Thug, the maximum electric force on the grain is
propertional to its radius. But the gravitational forces,
for a grain of uniform mass density, is proportional to

tne cube of the radius. It follows that the curves
representing the magnitude cof the grevitastional force {which
1g attractive) and the magnitude of the electric force (which
is repulsive) will intersect for some radius a > O, which is
the critical radius. Grains of lerger radius cannot acquire
a charge large enough to 1lift them against the gravitastional
field... The critical radius for grains of sand on the moon
cannot be calculated because the electric field intensity

at the surface of the moon is unknown".

To further complicate the situation, Mitchell [ 87 says, "Continual
radiation bombardment of the Moon's surface could cause sputtering
of ions which could redeposit between particles. Laboratory exper-
iments... showed that & brittle crust of particles cemented together
ny stome sputhered back snd forth in spaces between grains could be
formed."

Wenner [ 9)speculates on the effects of solar wind bombardment of
the lunar surfece for 10” years. Under this bombardment, sputtering

occurs, the larger portion of the sputtered material escapes the Moon's

gravitetional attraction and is lost into space. However, on rough
surfaces a considerable number of atoms may be trapped again after
sputtering. As a consequence,

“atoms which are sputtered and then subsequently trapped
provide the glue which cold fuses surface particles to-
gether or surface particles to underlying particles. Thus,
we may reasonably expect that the lunar surface does not
consist of a loose dust layer but is rather a porous but
relatively solid crust of fused dust particles".

Experiments by Wehner et al[ 10, 117 have shown that in simulated
solar wind bombardment such a crust is formed on layers of steel
spheres, layers of metal powders, various oxide powders, and various
rock povwders. Their description of the crust and thelr conclusions
follow.

B.7.2




"Whenever & crust is formed it has & fibrous structure with
closely spaced needles & spires & deep szall holes all
aligned in the dirction of lon bombardment... At the Moon,
the conditions are different because the bombardment sweeps
the surface over a range of angles. This should csause the
surface to become more complex and irregular, but it
probably would not change its basic character. This layer
is probably not contradictory to the "fairy castle"
structure proposed by Hapke [12] or the “"skeletal fuzz"
proposed by Warren [ 13]for explaining the photometric
properties of the lunar surface’.

At this point itbecame apparent that no design criteria could be
developed for a system to electroststically repel the dust from

the drill site. In fact, according to Wehner, there may not be any
dust on the surface but a brittle crust which would have to be broken
in order to get down to the dust. Therefore, the investigation was

terminated.
CONCLUSIONS:
‘ (1) Although Kopall 17 and Gold [ 3] say dust particles on
the Moon's surface will all be positively charged,

Grannis [ 4], by considering solar proton bombardment,
solar electron bombardment, secondery snd photoelectric
emlission, and the return of electrons to the surrface

- “rocess FTivmA e ot ot %
7 e840

T3 ne -..“Acre.n;cA SCEE8€8, I1D4S »vc.-a...u‘-q.hgj

a grain can be positively or negatively charged. Vey

and Nelsonl[ 27 and Salisvury [ 5] find that both positive
and negative charges build up on dust particles in high
vacuum on esarth., If indeed the lunar dust has both
positive and negative charges, then any type of electro-
static repulsion mechanism will be useless; it will attract
Just as many particles as it repels.

B (2) Grapnie [ 4], walker [5], end Coffman[ 6 Jall dis-
agree on the maximum possible charge which could develop
on the lunar dust. Hence even if the dust particles were
all positively charged, the amount of charge to use as a
design criterion is undetermined.

(3) Theoretical and experimental work by Wehner, [ 9, 10, 11]
strongly suggests the existence of a crust on the lunar
surface. Any mechanism used to get thru the curst could
Just as well be used to get thru the underlying dust
without the necessity for electrostatic repulsion.

g . (k) No further work should be expended on this concept because
of the three preceding conclusions.
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APPENDIX B.8

REPORT OF INVESTIGATION

REMOVAL OF OVERBURDEN

Introduction:

This repor investigation of Concepts 12, 12A, 13, 14, and 15.
Concept 11 which also has to do with removal of overburden is discussed in
a separate report.

et
(o
Q
o
(¢}

Investigation:

Concept 14 was immediately ruled out as a complete system since it would
not work on a cohesive overburden. However, its use in combination with
some other system was not discounted.

Concepts 12, 13 and 15 are all mechanical methods. Therefore before eval-
uating them as such it was decided to first evaluate mechanical methods in
general, then move on to specifics. 1In general two types of motion are
available to move the overburden: 1) Scraping, in which a blade or bucket
is moved essentially parallel to the overburden surface and 2) Rotating,
in which a wheel or chain is rotated about an axis parallel to the over-
purden surface and bucikets or hlades on the periphery of the wheel move the
overburden.

Scraping can be accomplished in three ways:

1) A bucket or blade is thrown out and scraping accomplished as it is
pulled back in. Draglines, back~hoes, and Concept 15, the Hughes
Aircraft Surface Sampler, operate in this manner.

2) A bucket or blade scrapes as it is pushed away, then it is retracted
for another scraping stroke. Power shovels used in strip mines on

earth and bulldozers operate essentially in this manner.

3) A blade can be rotated in an arc about an axis perpendicular to the
overburden surface in a manner similar to a windshield wiper.

A dragline mechanism would require a boom, cables, clutches, brakes, and a

vertical axis about which to pivot. The coordination of the controls necessary

to operate such a system, the complexity of the system, and the possibility

that it would not work in a cohesive overburden make such a system unsuitable.

Back-hoes have many advantages when compared to draglines. However, they

require an extensive hydraulic system which would present innumerable problems

in a vacuum (1). Therefore the back-hoe mechanism was discarded.

B.8.1




e ————— e i

B TR e T, S0 TSI e e
fl

Concept 15 has already been developed by Hughes Alrcraft; the idea was thrown
into iue brain storming sessions to see if it uld generate any other ideas.
For this reason no further consideration was given to Concept 15.

Power shovels as used in strip mines on earth are efificient mechanisms for
overburden removal. However, their efficiency is due to their large size,
and just as the draglines, they require coordination of controls to operate.
Booms, cables, clutches, brakes, and a trundle are required. A mechanism
somewhat simpler than the usual cable operated power shovel is shown in
Figure 1. (2). However the gear teeth and pin joints would all be exposed

to the vacuum on the lunar surface and would be a lubrication problem. The
mechanism to vertically move the mechanism shown would add to the complexity,
therefore this concept was discarded. A bulldozer type blade was considered,
but no simple mechanism could be devised to impart both horizontal and
vertical motion as well as brute force to the blade. A wminiature radio
controlled dozer was considered. However, its small weight would limit

its pushing power and it probably could not break up a cohesive crust,

If the crust is not cohesive, then the dozer would have locomotion problems.
Any rock ermpiing mechanism would be in addition to this complex system.

Therefore this idea was discarded.

The windshield wiper concept was ruled out because of the high torque nec-
essary at the vertical axis to clear an area large enough to accomodate a
sampling mechanism. At this point all the scraping mechanisms had been
eliminated.

To begin thinking about the rotating mechanisms, it was necessary to get
some idea of the angle of repose of a loose dust on the lunar surface.
Sibulkin (3) found the upper limit angle of repose of cork, ground walnut
shells, sand, and copper to be between 35° and 40°. He also found that the
sides of a hole eroded in a layer of these dusts by a vertical blast of air
had 2 maximum slope of about 40°. All of his work was done in an initial
vacuum of 1072 Torr. The actions of particles of lower mass, such as cork
and walnut shells, in the earth's gravity field would correspond to the
actions of particles of higher mass, such as rock, in the lower lunar gravity
field. Vey and Nelson (4) found the internal friction of silica flour to
have a value of tan ¢ =0.70 at 109 Torr. This corresponds to an angle of
repose of 1¢ =35°, Therefore for concept thinking purposes it was assumed
that a loose dust on the lunar surface would have an angle of repose of
35-400°,

The next decision to be made was the size and shape of the rotating member.
The following possibilities exist:

B.8.2




1)

2)

3)

4)

Concept 13 overcomes the difficulties associated with 2) above.
there is a lubrication problem for each link in the chain.

AR I R Sl R R e e s e T e R e R T

Small diameter - no problems with mounting if overburden is non-cohesive.
1f overburden is cohesive the following cross section will have to be
cut in order to clear the wheel support and drive members.

2

— [

% = !
LT
SEETTTERN Z

I P B

Thus movement in three mutually perpendicular directions will be
required.

I

Large diameter. This requires a heavier wheel, but movement is required
only in two directions, vertically and one direction horizontally.

et

Q

N

Wide. A large area could be cleared by movement in only one horizontal
direction. However, the power required would be high. Tests by the

Joy Manufacturing Company (5) on different methods of mine emplacement
showed that a drum (35" dia. x 18" long) rotating about a horizontal

axis would excavate a well formed 12" deep hole in various earth soils in
a short time., However, compared to conventional methods, such as augering,
excessive power was required.

Narrow. This would in effect, cut a trench through the overburden, but
the power requirements would be lower.

However,
In additionm,

a chain with drag cutters mounted on it did not produce a clean hole in

all soil conditions in the Joy Manufacturing Company tests (5).
solution is to use a one-piece '"chain'" such as a steel belt.
then would be that of a belt sander.

One
The mechanism
However, problems still exist such

as cutting the sides of a trench in a cohesive formation, keeping the belts
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in setting up the equations, particularly the assumpticn of only a single
particle., did not seem to make the numerical solution of the problem worth
the effort., An answer could have been obtained using numerical methods

and the 1410 computer but the answers probably would not have any relation
to the physical situation. Experimental work with a breadboard model in a
vacuum would give more reliable answers., Ther«fore for concept purposes a
sample catcher with its own vertical drive system rather than deflector will
be used., 1If it is decided to build a breadboard model based on this overall
concept, the addition of a deflector for testing will be a simple matter,

a

At this point the complete system was envisioned as:

1. A large diameter, narrow, overburden wheel with a drive system
to supply rotation.

2, A feed mechanism to move the overburden wheel horizontally in
the plane of rotation,

3. A vertical feed mechanism,

4, An air blast to clean the rock surfaces of any loose particles
before sampling.

5. A sample wieel and drive system,

6. A sample catcher,

Two concepts for meeting these requirements are shown in Figures 2, 3, and
4. Figure 2 is a combination overburden wheel and sample wheel with a
method of mechanically entrapping the sample, Figure 3 shows the detail of
the wheel of Figure 2, The support structure supports the motor on one
side and a pressurizing air system on the other side as well as providing

a journal support for the rotating wheel, The rotating portion of the
wheel has a T-shaped cross section with a ring gear on its inside diameter.
This allows the wheel to be rotated thru the idler and pinion arrangement
shown, The rotating portion is a multiple part assembly consisting of an
outer over-burden wheel and an inner sample wheel. The sample wheel has

a grinding surface on its outer diameter. The overburden wheel is fastened
to the sample wheel in sections with explosive bolts. The overburden wheel
is essentially a staggered tooth side milling cutter, Each tooth extends
only half the width of the wheel so that the cutting load on each tooth is
reduced. The teeth are alternately placed on different sides of the wheel
center line so that the entire width of the trench being cut is covered.

The overall concept is shown in Figure 3. The wheel of Figure 2 is shown
mounted so that it can be moved vertically or horizontally in the plane
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of the paper. A deflector and sample tray with its own vertical drive are
shown mounied on the same horizontal lead screw and support tube as the
wheel, The sequence of operation is as follows:

1. The wheel is lowered and a trench is cut in the overburden
down to rock using the milling cutter teeth,

2. The explosive bolts are {ired and the sections of over-
burden wheel fall off exposing the grinding surface of
the sample wheel,

3. The deflector is lowered into the trench and the air
supply mounted on the deflector directs a blast of air
(or gas) at the exposed rock thereby removing the last
particles of overburden.

4, The sample wheel is rotated and the rock particles are
deflected into the tray.

An incomplete variation of this system is shown in Figure 4, The wheel
detail is shown on the left. Here the rotating portion is a one-piece
siaggered tooth side mill, On the right (s shown a portion of the overall
concept; that part not shown is very Slnllar to Figure 3., Here the sampiing
wheel is the Litton Industries small "vacuum cleaner' (6) of concept 12A,

The sequence of operation is as follows:

1, The overburden wheel is lowered and a trench is cut
thru the overburden.

2. The "vacuum cleaner" is lowered into the trench, The
bellows provides a seal on the hardpan. Air is supplied
to the air turbine which rotates the grinding wheel.
Exhaust air from the turbine picks up the sample particles
and transports them up thru the support tube to the surface,

Conclusions

1. The removal of overburden concept is feasible,
2. Two possible configurations are shown in Figures 2, 3, and 4,
3. Problem areas still exist in these configurations; some of these
are:
a) overall complexity - three motors, two lead
screws, etc,
b) overburden wheel removal in Figure 3
c) seal between box and rock in Figure &
4, The configuration shown in Figure 3 can take an uncontaminated
sample of rock or of overburden, but not both,

B.8.6



The configuration shown in Figure 4 can take an uncontaminated
sample of overburden, rock, or both by the addition of valving
and cyclone separators at the exhaust end of the air transport

system, However, lost circulation is possible if no solid rock
is encountered,
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An idea using the basic principles of concept 19 is shown by Figure 1.
This concept would coasist of & 4 station indexing mechanism. At the
first station tae casing and the removable bit are drilled into the
formetion. The casing would be sealed at this point in the operation
with the grouting material. The casing and bit would be rotated with a
mechanism which could be disconnected from tne casing and withdraswn from
the work area. This mechanism could be patterned after a power swivel.
The material displaced by the bit and the casing could be removed by the
use of auger flights on the outside of the casing or by gas pressure
blowing it aside.

After the bit and casing rotating device is moved out of position, the
explosion bolts are fired or the catch mechanism is released. This action
frees the removeble bit. At station two & probe is lowered into the casing
and secures the bit &nd is retracted out of the casing snd out of the work
area. While the indexing operation occurs, station three, the drilling
and sempling device, is moved into positioan over the casing. The drill

is lowered into the casing to the formation and texes the desired sample.
The fourth station would be, in the case of the storage bit as used here,
to retract the drill and drop the materiasl into the sample container.

This concept offers only the advantage of the elimination of the large
cone shaped casing as proposed in concept 19. A dissdvantage is the
requirement of & mecbanism to rotete the casing and bit, to release itself
from the casing and then be retracted from the worx ares.

The drilling and sampling device as shown by Figure 2 is an attempt to
eliminate the indexing operations that are required for Figure 1 and
concept 19. The operation and main features are outlined below.

The main structural tube, the drill motor and percussor device, the feed
screw arrangement and guides are similar to the ones proposed for the
vibrating screw conveyor. The drilling tool is a percussor type. The
drill stem, the casing and the bit all rotate &s a single unit. The
rotation and impact blows are transmitted to the casing and bit through
the drill stem and adapter which connects the drill stem to the casing.
After drilling through the overburden and into the rock formation to seat
itself, the drilling operation is stopped and the grouting operastion is
started. The cuttings produced have been removed by the gas transport
system as shown by Figure 2. After the grouting operation is completed
and the formation stabilized, the pyrotechnic device is fired and the
adapter is sheared into two pieces. After the adapter has been sheared
the drilling operation is started again and the desired sample can be
obtained from the formation. The casing will remein stationary and held
in the vertical position by the casing supports while the drill and drill

B.9.2
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3-

stem advance into the formation to secure the desired sample.

Figure 3 shows the same basic drilling and sampling device as shown by
Figure 2 except for the method of seaiing the overburden. The sealing
device consists of an inflatable bag protected from damaege by & thin
slotted ring which is asttached to the casing. See Figure 3 for the
details.

. o =

CONCLUSIONS:

MThea ~Anne

The concepts a8 shown oy Figures 1, 2 and 3 and concept
number 19 would sll probably be able to drill and acquire
the desired semple.

Concepts as shown by Figures 2 and 3 are simpler ip design.

The concept as shown by Figure 3 has the most promise.

B.9.3
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APPENDIX B.S

REPORT OF INVESTIGATION

DOUBLE WALL TUBE TO SEAL OVERBURDEN FROM SAMPLE

INTRODUCTION:

Tanis investigation covers concepts 1
overburden and using the casing as a
semple. The concept of the use of a
is covered in a separate Report of Investigation.

b C

o~y em

INVESTIGATICON:

Concept number 16 is not feasible. The disadvaentages as outlined on the
concept sheet point out the salient features that meke this device un-
desirable. No additional time will be spent studying this concept.

Councept number 19 appears to be a workable system. 1 will not delve into
the advanteges of this system in this 1.0.C. as they are already outlined
on the concept sheet. OSome problem areas that come to mind are: (1) Powver
requirements to turn the cone and bit plug (greater or less than impact
tool requirements?); (2) Is a seal or grouting material necessary if the
cone is isolated from impact tool operation?; (3) Plug release mechanism;
(k) Weight of total system may meke it undesirable; (5) Can we get a seal
or grout material that would meet or work in the lunar environment? Some
of these questions can be answered througn the studies made of the other
concepts. I do not believe that any of these areas will be an insur-
mountable design problem.

The concepts as proposed for the screw conveyor and gas transport may not
work et all if & problem develops because of leaking material down the
annular area adjacent to the drill stem due to the vibrating motion of the
drill stem. Concept 19 appears to have this problem area solved if we can
get an effective grouting material. Tnis one advantege makes concept 19
superior to the others that I have studied. However, we still have the
problem of transporting the sample to the surface. This problem probably
can be solved by the gas.transport system or other mechanical devices such
as the calyx basket or a bit storage container combination such as the
Hughes Aircraft bit.
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APPENDIX B.10

REPORT OF INVESTIGATION

SAMPLING BY USE OF EXPLOSIVES

INTRODUCTION:

This investigation relates to the use of explosives and/or explosively
actuated devices for the purpose of lunar sampling. In particular,
Concepts 17, 18, and 18A sre to be evaluated. A brief description of
eacn follows:

Concept 17 - Use dynamite to remove overburden.

Concept 18 - A pattern of explosive driven penetrators,
operating inside a casing, producing rubble
and utilizing the confined products of the
explosives to 1ift the rubble.

Concept 18A- Explosive type coring device with tethered bullet.
Concept similar to M. M. Kinley patent 3,172,486
dated 3-9"650

IIWVESTIGATION:

Concept 1

This idea is not restricted to use of dynamite exclusively, but encompasses
any explosive-type system, whether it be chemical or mechanical.

In evaluating tnis concept, the approach snall first be teken that an ex=-
plosive device is available or can be developed such that its strength,
handling characteristics, safety, and other operational regquirements under
the severe lunar envirommental conditions can all be met. Given such a
device, is 1t then desirable to use it to remove overburden?

Considerable work has been done in establishing a besis for predicting ex-
plosive crater geometry, based on both small and large scale tests, in

References 17 and 18. Curves have been developed for air bursts, detonations

air-medium interface, and buried detonations. In order to get a "feel" of
the capability of explosives to develop craters with depths of one foot,
the following tabulation was developed:




Crater Required Burial Crater
Depth, Charge, Depth, Dis.,
Materiel Ft. Lb. Ft. Ft.
Plester 1.00 1000 0 12.0
of Paris 1.05 343 3.5 1k.0
1.00 o4 L.c 12.0
1.00 16.6 3.75 11.0
Concrete 1.00 8 0 L4
Mortar 1.00 1 5 2.8
1.20 1 1.0 3.6
1.00 1 1.5 4.6
Rockville 1.00 64 0 8.0
Granite .95 27 1.5 9.0
1.00 16.6 2.5 11.0
1.00 11 3.33 10.7
Desert 1.00 ) 0 5.6
Alluvium 1.00 1.81 49 4.6l
NTS

The burial depths above are vased on tne locetion of the center of the
explosive mass. Thne tabulation shows thet the material most probably
weakest in tension, desert slluvium, requires the smallest charge, 6
lab., to produce a one ft. deep crater, at zero puriel depth. Note
however, that the predicted crater diameter is over 5-1/2 ft.

In the applicetion of explosives to remove overburden, 8 number of ob-
Jectionable points seem ratner cbvious, at this stage:

l. While lesser charge weights would be required to schieve
a one foot deep crater, the mechanical complications of
"burying" charges below the lunar surface would meke this
technique undesirable.

2. Use of explosives situasted at the lunar surface results in
higher charge weights and larger crater diesmeters. The
size of the resulting crater would require remote blasting,
at least to the extent of not disturbing the material upon
which the spacecraft rests.

B.10.2




3. Even more remote positioning of the surfece detonation would
be required to protect the spacecraft and other equipment from
high velocity ejecta and sir blast effects, propagated in s
near-horizontal direction.

that the case of NTS desert alluvium would be the nearest comparison.

It would &lso appear that Items 2 and 3 ebove would be sufficient cause
to reject tne idea of use of explosives to remove overburden, based upon
strictly application considerations, without any thought having been given
to problems connected with development of explosives compatible with the
extreme environmentel temperature variations.

Concept 18

Reference 16 cites a great deal of data related to dynamic rock penetration
tests with explosively driven projectiles. Penetration and crater volumes
for variously shaped projectiles in variocus materisls can be related to
consumed energy, vased on atmospheric tests. The writer fcels that

Concept 18 can be evaluated on & much more macroscopic basis, however.

Tne reguired sample volume, 3 cc., is of such small magnitude as to reject
the ides of a multi-penetrator setup for a single-shot application, due to
complexity alone. The idea of a short burst of explosive product gases
being used to transport the resulting rubble slso appears to be incompetible
with simplicity of cCesign, inasuuca as venting of the gases from the in-
dividual ccmoustion chamvers to the vicinity of the rubtble, or below, would
be a necessary criteria for lifting. Otherwise, an adverse effect, that of
hoiding down the rubble, would result as the gas expands and vents into a
sample collector.

A more desirable approeh would appear to be in the direction of a single
penetrator, driven so that it impacts repeatedly, with a controlled gss
transport system. If indeed, gas transport is desirable at all, the ability
to control pressures and flow rates, as well as the ability to sesal casing

against formation, is necessary, but would be of infinitely greater difficulty

to achieve in the explosive penetrator situation than in the case where gas
flow is directed from a pressure vessel or gas generator.
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Concept 18A

The patent by M. M. Kinley appears to be a recsonable structural re-
presentation of the basic ideas forwerded in Concept 18f. The evaluation
of this concept is based largely on comments from the Welex Corporation.
A leading firm dealing in oilfield wire line services including per-
fnra‘inb and explosive sidewall coring {Reference 1G). To quote Ref. 19,
"Current art as practiced in coring of wells does not have the capability
of obtaining and retrieving & three (3) cubic centimeter sample (of baselt
or granite). Several conditions exist that prevent recovery of cores in
formations of basalt or granite, smong them being; (a) Brittle fracture
of tne rock occurs under the hign loading rates imposed by explosive
devices. (b) The sample dislodged from the rock is so fregmented that
retention in the conventional core barrel is most unlikely, particularly
when consideration is given to tne different forces which act upon any
retained sample, as the core barrel is returned to the surface from coring
depth”.

"It might be possible to fragment basalt or granite to produce the required
sample with a modification of currently used designs. However, retrieving
a sample in 8 barrel would be most unlikely and design limitations created
by vessel dimensions and the necessary limited weight of the coring device
would open this avenue to question. The bvasis for this reply lies in
experimental work conducted by Welex".

"Current art in regard to the use of explosive devices within the proposed
environnent leaves several gquestions yet to be angwered. Most information
on explosives &nd metals used to construct explosive devices covers the
renge from approx. -100°F to -240O°F. Development work snould cover this
area”.

"One predictable result of the lower temperature on explosives would be
the reduction in generated force since a portion of the released chemical
energy would be dissipated in reising the temperature of the explosive to
the threshold value for deflagration or detonation as the case may be.
£1s0, with a hard vacuum, it might be well to consider an explosive which
contains a positive oxygen balance in the explosive products as fired in
en earth atmosphere”.

"Low temperature studies of metsls has indicated that selection of the
proper materiel I'or explosive devices would be most critical. Low tempera-
ture drasticelly decreases the impact resistant properties of some metals
while other materials are not so effected”.
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Even if the foregolng commentsry vere in & more positive tone, additional
problems are foreseen in applicstion of this concept. Retention of dust
or rubble in the core barrel would not be possible. In harder formstions,
if we indeed were fortunate enough to be able to design a core varrel such
that & sample could be compacted (though fractured) into it, the problem
of punching it out into the sample collector, and subsequent siziog for
analysis would remsin.

CONCLUSIONS:

l. Concept 17 is rejected as being too hazardous to the space=-
craft and otner equipment, from the standpoint of high-

velocity ejecta and also of jeopardizing spscecraft support
surfaces.

2. Concept 18 is rejected as being too complex, and as offering
an insdequate solution for sample transport.

3. Concept 184 is rejected on the basis that explosive coring

devices cannot produce and/or recover samples from rock as
hard as basalt or granite.
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EXPLOSIVE-ACTUA 2 U APPARATLUS 1TOR
TAXRING CORLS
Niyron ML I0eloy) 103 Manle Lo, Chichadha, Olla.

Yiled Julv {1, 1563, Scr. No, 294,339
2 Clalms, (ClL 175—4)

This inmvention relates to arparatus for tukiong coics
or sampics of rock from the botiom of oil welis or the
Jine while the wells are being driiled or reworked or re-
conditioned
e CH'E

o of weils, it is sometimes inportant to
of the rawk or <oil threuch which the
rana B is well Anown in the art (o provide
Uns puipene, and, o generad, COic Bits 12

il whe e ?.n-.»w?c ~c of the furmzation beingdridled

s desired. : i stich Biis are providos with gctiricv-

anle o that a sample of the rech cun he
R ol the Porpel out of the woll withont re-

prics coan bt frem the welll ftis slo
; woil hnown o tuke comples of e roch wells t

cach devices Boing reners

the skle of the bore hol ‘
ders. Side wall saanplors are

hrnown as sids owall <
usclly operated by exp
In the US. patont vster. No, 1,935,166 zroniad
Anril 17, 102 4 for “Device for Taninn Cores or Sampics
From Wells" it was proposed that a d:x ! Hit be provided
with & sort of 2 repcatine run which woold drive hollow
core tahers into the carth formation ahead of the bit
the gun heing eoperated from the surfice of the ground.
Pocance of ity complicaied firing mechanism, or for other
csons, thic Jevice has not come into peneral wie.

- In .Mnrd nee with the present invention, it is proposed
to hnprove roea the Baoanisier invention by an arrange-
nient of dr 'E l and retrievable, exvplosive actuuted core

. takor which is very rozzed o construciion and simipie to

oporaic

The objeuts of the inveniion wil be aprarent to those

: shailod i the it f.ov\ whit us beoen sad above, and

following doseripiion of preferre LS

; Tramy the
W fahon o connecton wih the accompan:
tnein wanhis

PG L e o verninl] creo wottonal view o
or wiving ond o L with oo eaplovive actua
. abe core toher beir: lowered thereing

FIG. 2 08 o faomentary crossssectional view of dni
pipe or twhing with a moedificd type of bt for use wilh
a remevebie core taher Bhe that flustrated in 190G L
PICe s an entarped and more detaled view, protiy
in cross-section, of the upper part of the retricvable core
P taker of FIG 1 and
: FIG. ¢ is an enlnzed and more detalled view, partiy
in cross section and partly cut awvay, of the lower jart
of the rouievatic vore taker of FIG. 1, FIGS. 3 and 4
beinz contigiois,

Remrens to the drawing in detadl, and first o e pen-
cral avcembly <hown in FIG. 3, it will be seen that the
pipe 13, which niav be either didi pipe or whing s
frted with a dndl B g6 at s lower end.

TS drdl ML36 bk a centiag o A e WAy H

In oo C WDk

; vdndline Sund 1

the B in rotury diitling, The bit may have ondinary
S Bl tecth, or it miay be o toller or cone type B, bt
musi be provided with the passageway 17 so as to per-
Mt tie movement of a core barrel therethrough, as will
picaently oo dcﬂcnbcd. At the top of the passapeway i7,
the bit 16 of FIG. 1 is provided with a conical seat 18

In FIG, 20 2 moditied and rrcfcrrcd form of bit is ii-
Lustrated.  Here again the bit 22 is shown as being of
tae “Hvhial™ Gype, but it will be understood that it may
be a rolier bit or a cone bit or any other known ype pro-
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vided it has a central pasagoway 21 eatending sertically
thoreihronyl

. 2. ihe pas way 2§ is rot only
provided with a seat 22 at i< upper end, but there is a
second <ot or shoulder 23 Jocuated a short diiance below
the seat 220 In additon to the passapeway "1 there
e e wa rses 24 in the bit 20 of TIG. 2. These
WoACT Soutses are of conventional desizn and darccl the
drifinz fluid inio the proper relation with respest to the
teeth of the bit. Tiere is also a ball 25 or other object
wiich prevents ithe flow of fluid through the passageway
2% whea 10 s scated on the sccond scat 23 as illustrated.

|

3
ir

he bedf 25 thes wrves as a check valve preventing down-
1 flow }nn:gh the passageway 210 Tt may be so
GONRSG s 10 Breah when sticck by the core barrel as
g'-n‘?‘x! horeinafler. or it may be provided with a fish-

7 neck (o be retnieved beiore a core is taken. Of course,
n may siso be removed from the bit by reverse circula-
tea, When the Batl is ~caied on the seat 23, fluid can
fliow downmwaadiv thionsh the bt dhrough the water
courses 24 and the bit thus operated tn the consventional
W

Tho retrioveble cote {Lher of the present invention can
b2 oused with the simpie type of bit shown in FIG. | or
with tre 2 epecintly desinped bit of FIG. 20 In either
cate il i lowered dewn thicuch the pipe 15 on a wire
line 33, This line is preferably a single strand of strong
steol such as the Halliburton measuring line commonly
uscd 1 the measuring of ail wells,

In accordance with known practice, there may be a
slufiing box and “lubricator™ at the surface of the ground,
a 1t e core taker can be run into the pipe 15 while
the weil s unader pressure.

T‘n uprer poihon of the retrievable core taker con-

s of an expliesive for and will not be described herein
in Jetl Homay Pe consirucied as shown and deseribed
in the co-pendine apphication for US. patent of Myron
M. Foniev, Serial Noo 166,734 filod January 8, 1962 for
satae Jar

w

AU S \m, alsted by means of the
nicad 1ar 31 causes the irigeor sec-

fer L'.:.x.v in the section 33, and this
wawarndly to strike an anvil i the we-

e 33 .
Son 32 o e oo

f the invention to dispense
and anvil entirely and have the powder
n“m:c mrc:ﬂy upen the core barrel, but the
haremer wnad anvil artangement are here ilustrated be-

wee it may be desticd to employ the additional impact
which ihey aford.

As illustrated. there is a cvlinder 33 attached to the
jower end of the anvil section 34 of ihe retrievable core
taker. The anvil projecis inio the upper part of -the bore
of the oyhnder 23 and by located just above the core bar-
1ol 36, as shown in FiG. 4

The core harrel 36 has an enlarpement or head 37 at
or end wiich serves as g sort of puide, being ap-
provsiaely the sume diameter as the bore of the oyvl-
inder 330 The head 37 Givwo serves as means to receive
tie downw.rd thrust of the anvil when the explosive jar
is fired, ond it abso limts downward movement of the
core bairel

As ¢hown in FIG. <, the core barre! 36 is hollow for
a rtor porion of ifs length, and its lower edge may be
provided with an inner bevel, as illustrated.

The core barrel 35 1s empty when being lowered into
the z".ﬁc 15, Well finid is prevented from entering if
py the O-ring 33 located in the annular space between
the outside of the barrel and the wail of the cylinder 35.
A frangible disk 40 holds the core barrel in place untif
the expiosive jar is fired, and until the disk 40 gives
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o ::1'v5:‘.m"nx woacul exciuding weil fid from
cing provided with an O-ring 39 at s

EERTS N | UL

ccrew-threaded on to the
o Gunder 350 T clamips the disk 40 in
It clse serves 1o guide the barrel to s proper
ceat in the bitt For this purpose, it is tapered at its
Jower cnd, a5 shown at 42 to conform to the shape of
the teat 18 in the bit shown in FIG. 1 or the scat 23
; hit shown in FIG. 2, so that the core tarer is

in the bit she
proqorly Jocuted when lowered slightly more thun is
iustrated I FIG. 1 and FiIG. 2.

Tie guide bead 41 is provided with a vertical passage-
way 43 of slighily iarper diamcter than the outside di-
an.cter of the core barvel 36, and this passagewny |
tapored at iis upper end, as shown at 44, <o ha the
core bowred s guided when QU s driven downwardly
HWIroua ihe passugoway 43,

Gile prde hend 41 hos
o porant eseape of
the pocwceaay 43,0 The holes 43 may alo seove o

sovonunadate o \,x nner wrench when screw:ng the head
onto jhie ¢
To ¢duon 15:: core Parrel at the ond of s i \c‘
the ot he diels qJ
s oolad wian a heavy groose ws shown at <5 in FiG.
Inooporion, det i pe assuwed that the well has beea
drnded to the depihoat wineh it is dosited 10 1uke a
viee, The roireviide core Leaer, with the purts in lae
relative posiaon shown in FIGS, 3 .md 4. is then jowered
down throarh the pipe 18 and placed in pesition on the
seat I8 i1 the bt of FIG. 1 s used or the :eat 23 of
the bit of FiG, 2 is used. The scaling of the core wker
does not break the bail 25 of FIG. 2, uwmﬁng that it
is suiloan pesition when thie core taker is lowercd ino
the yipe, oot the bull 23 w4 oreak when the core barrel
[SERTR ST
Wi the core teber "sl gre line is manipu-
10 F:‘: the juwaces o on this b :
o owill boe cioven u\v\\m«‘.‘xrd?)x as ¢x
{?‘.-.- core ':’ uich e
3 wd 4l snd encdown Gaourh
carewgry an the drdl i The oo i‘n’:f Wil
Joven down anto Gee caath formaien beiow e

e teiween

! L Py Yy
Gy uown tafou a e

Swary 430 the puade e

A m core barred moves donnwardive S movement
'y LTy .. [y 1. 3 p:
i the cad ef G traver 18 Ccoshioned seimeswihial by the
sroase 49, but eveniualiy the cnlargemcat 37 will come
ta rest o the tipered portion 44 of (he posazeway 43

Hothe cere barrel has poactrated the oanh {ommat
suiiviently to permut full extension of the telcscopic

movenaent
head 4L

It will be observed that the core iaker is rot lutchead
to the pipe 18 or the tit. The reconi or kick of the
caplosive jar does not place any siress vpon the pipe 1S
or the drili b

After the core is taken by the barrel, the enlirc core
taker assembly may then be removed from the well by
the wire line 30 without removing the pipe 15 and the

of ithe core barrel in the cylimdler 33 and

10

15

30

35

-3

55

60

A sample of the caith forma-
iy below the diill hn can thus be ablained,
can then be completed. I the bit of
cmploved, another ball 28, or the like

i { be dropped or pumped into pesition,
The invention is not w0 be rezarded as limited to

the paiticuiar arrangoments shown and deseribed herein,
It is obviows that many changes may be made in the
arrangement and construction of parts without departing
from tic epirit of the invention or the scope of the
anacsed clanns,

I cluim:

1. Apparatus for taking cores from the bottom of a
weil while it is being drifled including. in combination,
a pipe with a dril bit thereon, said bit having water

diney anl Idition, a voitical passageway cenicaily
boreof, and passa oway h;win'} a scat at its upper end
and o oscvond seat .nwlu.d therein bencath the first men-
; wiaddi iy adupicd 1o bigak when
a check
in suid pipe
Tower an

. 1,
S0y GO, N Saul

ing nweans for
g Char,c winer Jdyir, e core
boosei, amd moans for daivi e Sore barrel down

Lironi s,id Poseageway, therchy oreakionre san! abiect,
whon s powder charge is fired, and o wire line con-
rected to soid core taker for lowering the same dowa
tirooch sad pipe and for retrieving the same

2.4 core tier for use in ol wells or Gie 1 aeinclud-
RRAET INe en, a wire hine, an explosive jar se-
cuied to e line and having means for firing the same
by nusnpulation of the dine, a cvlinder attached to and
ocated telow <and earlonive 3ur oand having a core barrel
mend Uwrein, a grease cushion
core hairel and said cylinder, means
¢ varrel downwordly inoseid evlinder
red, & head atioched to the lower end
having a weiticol pass.ceway there.

“lal
M

. - P8 . T
TLanillmioa GO VT
focated between sl
.ur doving :h Ce

=

IRTGUZA N Akt garacnt with st 2 hoerrel wherehy
sad core barrel may move downwiodly Uwrethrough

whon ihe jar s fireds sand head also Lvics mieans for

aodrdl bit amd for posittoning the core lnker

pect to the 'm't <o that the core tarrel may move
verpcaldy  downwardly  out of said pascageway  and
through the bit. and means for keeping said core barrel
empty until the jur is fired.
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APPENDIX C

EVALUATION OF CONCEPTS

C.1 -~ Hughes Tool Company Concepts 1 through 19

C.2 - TFoster-Miller Concepts A-1 through A-2Z and
FM-1 through FM-9
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